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PREFACE. 


The object of this book is to provide students of Engineering 
with an explanation of tlie elementary principles of science 
applicable to heat engines and witli a description of the essential 
constructional details of typical engines. These details have 
been ti-eated as fully as space permitted, and the plan adopted 
has been to describe one complete design of ejich type very 
full}’, so as to enable the student to undertake with confidence 
the dissection of, other kinds of machines. 


Ihough the scope of the book has been in no way limited by 
the syllabus of any particular 'examination, the student who 
works through the following pages will have no difficulty in 
qualifying in the more elementary examinations of the Board 
of Education and other examining bodies. 

A knowledge of elementary Practical Mathematics and of the 
fundamental principles of Machine Construction and Drawing 
has been assumed, and it ha-s been taken for granted, since the 
subjects assist one another very greatly, that the student will 
be studying Applied Mechanics at the same time that he under- 
takes m work dealt with in this book. Prominence has been 
given in the earlier chapters to an experimental study of Heat 
as teachei-s of Engineering find that it is exceptional for the 

student to come to his classes with any adequate knowledge of 
this subject. 


Numerous worked-out numerical examples are given in the 
text, and these are intended as much to inculcate a good style 
of work as to elucidate the principles dealt with. It is hoped 
that these exercises will be studied thoroughly and be supple- 
mented by the problems given at the ends of the chapter Of 
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these questions those with a date appended are from examination 
papers of the Board of Education. 

The experiments described at each stajte of the work should 
be performed bv the student himself and tlie exercises based 
upon them carefully worked out. A 00111*56 of laboratory work 
has been provided at the end of the volume, and since the 
equipment of engineering laboratories varies so greatly this has 
been made as general as possible. 

Tliis opportunity is taken gladly to acknowledge various sources 
of assistiince. To Prof. Ewing’s valuable work on the Steam 
Engine the author owes much of his knowledge. For many 
working drawings and for much pmclical information, the 
author is greatly indebted to Mr. James Holden, Locomotive 
Superintendent of the Great Eastern Railway, and to Jlr. 
Robert Warriner. Manager of the Thames Engineering works. 
Mr. A. T. Quelch, Assistant I>ectmer in Engineering in the 
West Ham Technical Institute, has kindly read the proofs. 
Prof. R. A. Gregory and Mr. A. T. Simmons have given the 
author the benefit of their experience in the production of books 
for students and have read the proof sheets. 

Many firms have permitted the use of their copyright illustra- 
tions, and the source of each of these is made in appropi iate 
places. Tlie gas engine illustrations in Chapter XIX. have been 
made direct from the engine, and thanks are due to Messrs. 
Crosslcy Bros, for the privilege of publishing them. 

Prof. John Perry, F.R.S., kindly gave permission for the 
inclusion of the Tables on the properties of steam from his book 
on “The Steam Engine and Gas and Oil Engines” (Macmillan); 
the Logarithmic Tables are from Mr. F. Castle'.s “Machine Con- 
struction and Drawing” (Macmillan). 

JOHN DUNCAN. 


West Ham, 
t/wfy, 1907. 
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STEAM AND OTHER ENGINES. 


CHAPTER I. 

INTRODUCTION. 

Action of simple engines.— Steam ia generated from water 
by the application of heat. When an 0 }>en vessel is used, the 
steam is given off at the same pressure as that of the atmospljere, 
but a much higher pressure may be secured by generating steam 
in a closed vessel. Steam may be used for the production of work 
by allowing it to push a piston to and fro in a cylinder ; or, by 



Fig. 1.— Outline dugiain of engine mechanism. 


causing it to discharge against vanes formed round the circum- 
ference of a wlieel, thus producing rotation. In this Chapter, 
sufficient information will be given to enable the student to 
understand the action and arrangement of the parts of a small 
engine of the first-mentioned type. 

Steam engines having pistons working in cylinders are generally 
employed to give a motion of rotation to a shaft. This result is 
effected by means of a mechanism called the crank and connecting 
rod. In Fig. 1, is a cylinder shown in section. B is a piston 
caj^bile of sliding in the cylinder and fitted so as to prevent leakage 
D.s. a € 
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of steam past its edge. A piston rod C is attached to the piston 
and passes througli a hole in one end of the cylinder, formed so 
as to be steam-tight. The outer end E of the piston rod is jointed 
by means of a pin to one end of a connecting rod D. The other 
end of the connecting rod is attached to a pin F secured to a crank 
which is mounted on a crank shaft //. As the shaft rotates, 
the pin /’will describe the cii'cumference of a circle, and the pin 
E will move to and fro in a straight line 
Steam is admitted to the cylinder first through the opening 
.or port K and will exert pressure on the left-hand side of the 



Fio. 2.-Scctional side oiid end elevations of a steam engine eylindcr. 


piston, the other side being put into communication, through 
the port L, with the atmosphere or with a vessel called a 
condenser, in which the pressiire is kept low. The steam, by its 
pressure, will cause the piston to tiavel to the right-hand end 
of the cylinder, and thus, by means of the intervening mechanism, 
the crank shaft is made to execute half a revolution. Steam is 
then directed into the right-hand side of the cylinder through 
the left hand portion being put into communication with the 
atmosphere or with the condenser through A, and the piston 
will be driven back to the left-hand end of the cylinder, the 
crank shaft meanwhile completing the revolution. To enable the 
crank shaft to route smoothly without jerky action, a heavy 
wheel called a fly-wheel may be attached to it. 
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Construction of the cylinder.— Tlie cylinder is constnictcd 
with various passages, or ports, formed in it so that tlie steam 
may flow as required. The distribution of the steam fii-st to one 
side and then to tlie other side of the piston is eflected by means 
of valves, of which there are many varieties. These valves are 
opened and closed at the proper instants by means of a meclianism 
driven from tlie crank shaft, so that the engine is self-acting. 

A common form of cylinder is shown in section in Fig. 2. 
A is the cylinder, made of cast-iron, and fitted with a ca-st-hon 
piston B. C is the piston rod, secured 
firmly to the piston, and passing 
through a hole D in the cylinder 
end. A box ^ of rectangular shape, 
called the steam chest, is cast on to 
the side of the cylinder, and is 
provided with a movable cover. 

Two steam ports (?, If, lead from 
the steam cliest, one to each end of 
the cylinder. A third port I(, called 
the exhaust port, leads from E into 
the atmosphere, or condenser. These 
ports open into the steam chest at 
a fiat face (Fig. 4) over which a 
valve F(Fig. 2) is arranged to slide 
to and fro, being driven by a rod M 
actuated by mechanism mounted on 
the crank shaft. Steam is brought 
from the boiler into the steam chest 
thiough an opening L, and is distributed by means of the slide 
valve F. This valve is made like a rectangular box turned upside 
down (Fig. 3). 

Action of the valve. — To undei'stand the action of the valve 
reference should be made to Fig. 5, in which a perspective 
view of the valve and ports is shown in section. As the 
valve is positioned in this figure, the steam may flow from 
the steam chest through 0 into the left-hand part of the 
cylinder. The other side of the piston is in communication wth 
the exhaust port K through the port H and the cavity in tho 
valve. The piston B will thus be caused to travel towards the 



Fi<i. 3.— Per*.pcctivo view of u slide 
valve. 



Fic, 4.— Pc Inspect i VO view of lUo 
cylinder face and potU. 
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right. The return stroke of the piston is effected by fii'st moving 
the valve into the position shown in Fig. 6. The steam will 
now be directed through the port H into the right-hand portion 
of the cylinder, the other side at the same time being put into 
communication with the exhaust through the port (J and the 
cavity of the valve. Motion of the piston towards the left will 



Fio. 5, Fjo. 6. 

Diagrams showing the way in which the slide valve distributes the steam. 

now occur. The valve is generally de.signed so as to admit steam 
to the cylinder only duiing the early part of the stroke, and then 
to cut off the supply, the remaining i>art of the stroke being 
accomplished by the expansive actiQn of the -steam, giving a con- 
tinually diminishing pressure on the piston. This arrangement 
is adopted as being more economical. 

Method of driving the valve.— The valve is driven by means 
of a device called an e yentri c, which consists (Fig. 7) of a 



Fig. 7.— Aniugoincnt of ccccDtric and rois for driving the slide valve. 


circular disc A, having a hole bored through it to receive the 
crank .shaft B. The hole is bored a short distance away from the 
centre of the disc, and a key is fitted so as to secure the disc 
firmly to the shaft. The disc is called the eccentric sheave ; its 
edge is made to receive a strap C, which is a working fit on the 
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sheave in order that the sheave may rotate witli the crauk shaft 
without producing motion of rotation in tiie strap. The strap is 
made in halves, secured together by means of bolts, so that it 
may be got into position round the slieave. Attaclied to the 
stiap by means of studs is an eccentric rod Z), the other end of 
which is attached by means of a pin at ^ to the end of tlie valve 
rod M. As the crank shaft rotates, the valve will be driven to and 
fro a distance equal to twice the distance from the centre of the 
eccentric sheave to the centre of the crank shaft. As will be 
explained later, the whole mechanism is set so that the ports 
are opened or closed, to steam supply or exliaust, at the proper 
times. 



Fio. 8.— Piston and spring packing ring 
for a small stcnm cii^no. 


Construction of the piston.— Pistons for small engines are 
generally made o f cast-iro n. Forged steel, or cast steel, is more 
suitable for pistons having a 
large diameter. There are 
many different ways of attach- 
ing the piston rod to the pistoji, 
the principle to be borne in 
mind being that, owing to the 
alternate push aud pull on the 
rod when the engine is at work, 
there is a risk of the piston 
becoming slack on the rod. A 
common method is to taper the 
end of the rod to fit a tapering 

hole in the piston (Fig. 8). ^The rod is then pulled home by means 
of a nut fitting a screw on the rod. The nut is prevented from 
slacking back by means of a split pin passing through both the 
nut and the rod.^ 

The piston is made s team-tig ht in the cylinder by means of 
spring rings fitting into' grooves turned in the rim of the piston. 
For small pistons, the arrangement shown in Fig. 8 suffices. 
There are two rings, usually of cast-iron, of rectangular section or 
nearly so.. These are turned of diameter rather larger than the 
cylinder, then split at one place and sufficient material removed to 
allow of the rings being sprung into place in the cylinder ; their 
edges will then meet. ' The rings are first sprung over the rim of 
the piston into the grooves formed to receive them, and the piston 



6 


STEAM AND OTHER ENGINES. 


is then pushed into the cylinder, when the rings will press outwards 
against the cylinder walls and so prevent leakage of steam past the 
piston. 

Stuf&ng-box and gland.— To enable the piston rod and valve 
rod to pass through the cylinder end and the steam chest respec- 
tively without leakage of steam occurring, stuffing-boxes and 



Fio. 9.— Stuffing bo.x and glaud for rendering the piston rod steam-tight. 

glands are fitted. Fig. 9 shows the arrangetfient in section. 
The hole is bored otit a working fit to receive the rod at A near its 
inner end. The outer part B is enlarged to receive packing, 
wliich may consist of asbestos or some similar substance. The 
packing is held in po.sition and forced home by means of a gland 
C and studs 1). On screwing down, the packing is pressed against 
the walls of the stuffing-box and also against the rod and so 
prevents steam leakage. 

Attachment of the valve rod.— The valve rod must be attached 
to the valve in such a manner as to prevent lost motion and at 



Fio. 10. --Sections of a slide valve, showing a method of atticbing the 

vaWo rod. 


the same time to permit of the valve being pushed firmly against 
the cylinder face by the steam pressure. The latter condition may 
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be secured by making the hole through the valve for receiving the 
rod oval in the direction perpendicular to the cylinder face (Fig. 
10). Locking nuts are fitted to the valve rod on each side of 
thf valve ; these may be adjusted so as to remove any alacknefis 
in the direction of motion of the valve and not tightly enougli to 
bind the valve on the rod and so prevent the valve being piessed 
against the cylinder face. 

Cylinder drains.— Water in considerable quantities, produced 
by the condensation of some of the steam, is apt to be present in the 
cylinder. This is always the case at first starting, and means must 
be provided for getting rid 
of the water, otherwise 
there is risk of there being 
enough present to fill the 
whole of tlie clearance 
space between the piston 
and the cylinder covers 
when tl^e piston is at the 
end of the stroke. Sliould 
this occur, the cylinder 
covera may be knocked off 
or buret by the returning 
piston. Fig. 11 shows an 
arrangement of two drain 
cocks A Ay screwed into holes near the ends of the cylinder at 
its lowest side. The handles of these cocks are connected and 
may be operated by the handle B. When tlie cocks are opened, 
a free exit is provided for water to escape thi-ough the drain 
pipes C. 

Crosshead and guides.— The an-angement by means of which 
the connecting rod and the outer end of the piston rod are con* 
nected is called the crosshead. A type of crosshead suitable for a 
small engine is shown in Fig. 12. This crosshead consists of a 
block A having brass bushes B fitted so as to form a bearing for 
the crosshead pin, which in this type is secured to the connecting 
rod {B, Fig. 14). The bushes are held in place by a cap C and 
studs provided with locking nuts. The end of the piston rod D is 
tapered to fit a corresponding bole in the crosshead, and the rod is 
palled home by means of a cotter E. In order to guide the end 
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of the piston rod, and so to counteract the oblique action of the 
connecting rod which tends to bend the piston rod, the lower part 
of the crosshead (called the slipper) is formed as shown in Fig. 12. 



Fio. Sidt; and cud cievatious of a crossbead for a small steam engino. 


The flat face at the bottom of the slipper slides on a planed 
surface forming part of the frame of the engine. One arrange- 
ment of ffulde for the crosshead is shown in Fig. 13, where .1 is 
the planed surface and BB are guide bars held down by studs. 




m 


m m /B rn 





Flu. 13.— Side elevation and sectiou of guides. 


The slipper is thus controlled in all directions except in that of 
the movement of the end of the piston rod, which accordingly 
is compelled to travel in a straight line. 

Connecting rod. — In Fig. 14 a common form of connecting’ rod 
is shown. The rod is forked at A so as to embrace the crosshead. 
B is the crosshead pin, which is sometimes shrunk in, or, as is 
shown in Fig. 14, secured by two taper pins. The other end of 
the rod is palmed at C, so as to serve for the attachment of brass 
bushes D which form the bearing for the crank pin. The bushes 
are secured by means of a cap E and two fitted bolts, with lock 
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nuts and split pins to prevent slacking back. The connecting rod 
tapers slightly from the crank pin end to the croashead end. 






Fio. U.— Connecting rod fora small jtcam engine. 

Crank shaft.— Crank slwfts are sometimes cut out of the solid, 
others are built up; occasionally they are bent from an initially 


% 

form of bent crank shaft, 

\ 

straight bar. Fig. 15 illu'strates one of tlie latter type. The 
crank pin is turned at A ai^d the straight portions BB are also 
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turned to receive the main bearings, the fly-wheel and the eccentric. 
A form of main bearing, which is the name given to the bearings 
in which the crank shaft rotates, is shown in Fig. 16. Both views 



Fio. 16.— Sectional cicvatious of a main bearing. 


are partly in section in order to show the construction. The 
engine frame is here shaped as shown at -I, and is made to receive 
bras.s bushes U held down by a cap C and two bolts with locking 
nuts. An oil cup D forms part of the cap. 



Fic. 17.— A small fiy- wheel. 


A type of fly-wbeel suitable for a small engine is shown in Fig. 
17; it will be noticed that the wheel is cast in one piece in this 
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example. The hole at tlie centre is bored to fit the ci-aiik shaft 
and haa a keyway for receiving tlie key by means of wliioli tlie 
wheel is secured to the shaft. ^JThe function of the fly-wheel is to 
produce steady rotation free from jerky action»\ — 

The soleplate.— The various parts of the errgine are secured to 
a casting called the soleplate, which rests on the engine foundation 
and is securely bolted thereto. A common pattern of soleplate is 
shown in Fig. 18. The end A forms the front cover of tho 




Fio. IS.— A solupht^ suitable for a small borizonUl engiuo. 


cylinder and is fitted witli a stuffing-box for the piston rod. The 
cylinder is bolted against A and overhangs. The guides are formed 
at B. CCare the main bearings. Provision is made at the places 
marked 1) for bolting the soleplate to the foundation. The design 
of this soleplate requires care, as it receives and tmnsmits con* 
siderable forces from the cylinder to the main bearings, 
l/ The governor. — The engine is kept at a steady average speed of 
rotation by means ^ a ~devlce calle d a governor. The governor 
’ ^ects UiisTiy regulating the supply of steamlo tlie cylinder, the 
arrangement is shown in Fig. 19, where A is the governor and .5 
i» the steam pipe supplying steam to the cylinder. A throttie 
valve C is placed in the steam pipe ; in the example shown, this 
valve consists of a disc which may be rotated partially on an axis 
B by means of a lever E. If the disc is situated transversely to 
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the pipe, steam will be cut off almost entirely, and there will be a 
more or less free passage past the valve depending on the angle at 

which it is set. 
function of the governor 
is to control this angle. 
Two heavy balls FF are 
mounted at tlie end of 
arms 6'(7, which are 
attached by pins to a 
spindle //; the latter is 
rotated by a belt from 
the crank shaft running 
on the pulley A', the 
motion being transmitted 
to H by means of bevel 
wheels L. Other arms 
J/J/ connect the balls to 
a sleeve A’ which may 
slide on the spindle 
ll. A heavy weight F 
bears downwards on the 
sleeve. A bent lever has one arm connected to a collar 
embracing the .«leeve and the other arm is connected by a rod 
5 to the throttle valve lever E. 

When the engine is running and driving the governor spindle, 
centrifugal force acts on the balls, causing them to move outwards 
until a steady position is reached which depends on the speed of 
rotation. Any increase in the speed will cause ftirther outward 
movement of the balls, producing an upward movement of the 
sleeve iV, and this, being transmitted through the levers and rod 
to the throttle valve, will close it partially, and so reduce the 
supply of steam to the engine ; the engine speed will thus fall. 
Should the speed be lowered below the proper amount, the balls 
move inward, thus lowering the sleeve A’ and so opening the throttle 
valve more and thus permitting more steam to pa.<.s to the engine. 

/ Arrangement of small steam plant.— The student will now 
find it instructive to examine carefully the drawings of a small 
stearaiflflgine and boiler .shown in Fig.s. 20 and 21, and reproduced 
here by the courtesy of Messrs. E. S. Hindley & Sons. The engine 



fiUowiii^ bow the governor 
coutroU the stcHiu supply. 
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is of the Tinri7n ^tnj_t ypa, i.e, the Centre line of tlic cylinder is 
horizontal.'xCesteam cylinder is shown in section at A (Fig, 21) ; 
the cylinder is bolted to the end of the solc})late //, which is of a 
similar type to that illustrated in Fig. 18. The ei-arik shaft (' is 
supported by main bearings DD, and has mounted on it a lly- 
wheel E, an eccentric F for driving the slide valve, and a belt 
pulley G for driving the governor. The governor is shown at // in 

- Fig. 20, and operates a throttle valve contained in tlio casing K. 
A stop valve, by means of which the steam supply may be turned 
on or off to the engine, is contained in the same casing, and i.s 
operated by a hand wheel X. Stop valves will be fully explained 
in Chapter XL 

. ^.The^er is shotvn in section in Fig. 20. It consists of an outer 

Kcylindrical shell .1/, made of plates riveted togethei'. Another 
smaller cylindrical box N is contained within the shell and is 
riveted to it at the bottom edge. This forms the fire box, and 
is furnished with a grate formed of a number of Are bars V laid 
side by side with small spaces between to admit air from the asb 
pit Q. A number of tubes It are expanded tightly into the top of 
the tire box and into a tube plate S nejir the top of the shell. Tim 
hot gases from the fire pass upwards througli the tubes, a.s shown 
by the arrows, giving up tlieir heat to the surrounding water, 
and finally escape by the chimney T. . Tlic water level in the boiler 
stands at U, the space between this level and the tube plate S 
being filled with steam. Several hand holes, rendered tight by 
coyei-s, enable sludge, etc., to be cleaned out of the bottom of the 
boiler ; one of these is shown at T. 

Steam is led from the boiler through a pipe IF to the throttle 
valve and so to the steam cylinder. The exhaust steam from the 
engine cylinder e.scapes through a pipe A’ which is led into the 
chimney and so discharges into the atmosphere. The resulting 
upward blast ensures a draught which will cause the air necessary 
for the combustion of the coal to pass freely into the fire. 

The boiler is kept supplied with water to make good that which 
18 evaporated into steam by means of a feed pump (Fig. 21). 
This pump has a plunger Zy which forms part of the valve rod, and 
IS fitted with suction and discharge valves and pipes which enable 
It, at each revolution of the engine, to discharge the necessary 
quantity of feed water into the boiler through the pipe a and a 
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Fio. 20.— Elevation of a sniall hori/x)ntal steam engine, with vertical 

boiler ; the latter \s shown in section. 





A SMALL STEAM PLANT. 
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non-return valve h (Fig. 20). The non-return valve jirevents any 
water tiowing out of the boiler through the feed supply pipe, 



Pio. 21.— PInn of the steam I'lant shown in Fig:. 20. The cylluder and 

feed pump are shown in soction. 


should the pump not be delivering water. The feed water 
arrangements will be more fully described subsequently. 
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A safety valve is fitted to the boiler at c ; its function is to 
enable steam to escape from the boiler .should the pressure exceed 
a prearranged amount and so endanger the boiler. The type of 
valve illustrated is called a lever safety valve; details of such a 
valve are more clearly shown in Fig. 158, where it will be seen that 
the valve i.s held down by means of a weight attached to the end 
of a lever which beai-s downwards on the valve. The resulting 
downward pressure on the valve is sufficient to counteract the 
upward steam pressure under normal working conditions, but 
should the steam pressure exceed the pioper amount, the valve will 
lift and permit the escape of the steam. 

The Steam engine as a heat engine.— The steam engine and 
boiler may be looked upon as contrivances for convertijig into 
mechanical work the energy contained in the coal or other fuel in 
the form of potential heat It follows, therefore, that the student 
who wishes to liave sound notions on the subject must have clear 
ideas of the nature of beat. The leading elementary principles of 
heat are explained in succeeding Chaptera. Much information 
which cannot be set down here will be gained by carrying out 
carefully the experiments described. 


EXERCISES ON CHAPTER I. 

Note to the Student.— In giving descriptive sketelies, select as 
far as possible types other tlmn tiiose given in the text. The mo.st 
suitable answer will be obtained by giving sketches of a type wliicli 
you have actually seen or handled. 

1. Explain, witli diagrams, how the motion of the pi.ston in the 
cylinder is converted into motion of rotation at the sliaft. 

2. Give sketelies sliowing the construction of a cylinder body for 
a steam engine, omitting the valve chest, but showing tlic cylinder 
covers and the piston rod stuffing-box. 

3. Give sketches and deserilie any form of piston for a steam 
cylinder. Explain clearly the construction of the spring packing rings. 

4. Sketch and describe a common slide valve. Explain how it is 
attached to the valve rod and how it allows steam to enter and 
discharge from the cylinder. 

5. Give sketches of and describe the construction of any form ot 
eccentric. 

6. Explain how the governor controls the speed of the engine. 
Illustrate your answer by reference to an outline diagram. 
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7. Why is it necessary to guide the outer cud of the piston rod ? 
Give sketclies and describe any form of crosshcad and slipper. 

8. Explain the construction and give sketches of the connecting 
rod of any engine witli which you are acquainted. 

9. Give sketches of the soleplate or frame of any engine you know. 
Show clearly how the cylinder is secured to the soleplate or frame. 

10. Explain clearly the object of fitting each of the following valves 
to a steam boiler; (a) stop valve, safety valve, (c) nonreturn feed 
valve. 

11. Describe clearly, with sketches, the working of any single 

cylinder direct-acting non-condensing engine with slide valve and 
eccentric. Do not give too much detail, but show that you utidcrsland 
how the piston and stuffing-box are made steam-tight ; how the piston 
is fastened to the rod ; how the ends of the connecting-rod are made ; 
the action of the governor and of the tly-wlieel. 1897. 

12. Describe, with sketches, ajiy form of go\’ernor. 1907. 


♦ 




D.& 


B 



CHAPTER 11. 


TEMPERATURE. EXPANSION. 


Temperature.— A person, on touching ditferent bodies, may 
perceive tliat some of tliem are hot and otliers cold. The hotter 

bodies are said to be at a higher temperature 
than the colder ones. We may .say, in fact, 
that temperature means the hotness of a body 
as compared with some standard temperature, 
Onr sense of Imtness often enables us to form 
an opinion regarding the temperature of a 
body, but it is not always trustworthy. 
Hence, some form of instrument is required 
for measuring temperatnie.s, and such in- 
struments are known as thermometers or 
temperature measurers. 

Thermometers. — Almost all substances 
expand on being warmed and contract when 
cooling. Advantage is taken of this property 
in the commonest form of thermmneter, in' 
which temperatures are measured by tbe 
amo*unt of the expansion, or contraction, on 
change of temperature of mercury contained 
in a glass tube. ^Tlie meicurv thermometer 
consists of a tine gla.ss tube (a capillary tube), 
at one end of which a bulb of cither spherical 

Fio. 22 .— Centigrade or cylindrical shape is formed (Fig. 22). 

and rabronbeit ji.erc.iry Arprciirv is introduced into the biilb and 
tbei momctcr-s. • , . 

boiled to drive oft any air it may contain. 
The other end of the tube is then sealed, so that the only contents 
consist as nearly as possible of mercury and vapour of merciuy. 
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The glass walls of the bulb are blown verv thin in order that the 
oontained mercury may come quickly to the temperature of any 
body to which the thermometer may be applied. It will be found 
that the level of the mercury in the stem of the thermometer rises 
when the bulb is brought into contact with a hot body and falls 
when touching a cold body, this i-esult being due to the expansion 
or contraction of the mercury in the bulb. Tlie lewl of the 
mercury surface may be tjiken as an indication of the temperature 
of the body with which the thermometer is in contact. 

>/ Graduation of thermometer.—In order that a thermometer 
may be used for comparing temperatures, a scale of temperature 
must be engraved along its stem. Two filed points are first 
marked, and the interval between them is then divided into a 
number of parts called degrees. The fixed points are : 

(a) the level of the mercury surface when the bulb and the part 
of the stem containing mercury are surrounded with melting ice, 
this level being called freezing point; 

(b) the level of the mercury surface when the bulb and the part 
of the stem containing mercury are surrounded with steam coming 
from water boiling under standard atmospheric pressure, this level 
being called boiling point. As the temperature at which water 
boils varies greatly with the pressure to which it is subjected, it is 
necessary to take a standard pressure in order to secure a definite 
boiling point. Standard atmospheric pressure is 760 mm., or 
30 inches, of mercury, as shown by the barometer at seadevei. 

^ Scales of temperature.— The Fabrenheit scale (named after its 
inventor) has the freezing point of water marked 32* and the 
boiling point 212*. The interval between these fixed points is 
divided into 180 degrees. Zero on this scale will be 32* below 
the freezing point. 

The Centigrade scale Las the freezing point of water marked 0* 
and the boiling point 100* ; the interval between is divided 
into 100 degrees. 

In the Reaumur scale, the freezing point of water is marked 0* 
and the boiling point 80*. 

Temperatui-ea below zero on all these scales are indicated by 
the negative sign. Thus -10“ F. means 42 Fahrenheit degree 
below the freezing point of W'ater. 

■ Of these scales, the first two mentioned are largely used ; the 



20 


STEAM AND OTHER ENGINES. 


E^auumr is used only in some pai tt of tlie Continent. Engineers 
in this country use, for the most part, the Fahrenheit scale ; 
physicists and chemists employ the Centigrade scale. It would be 
better if all were to use the latter, but in existing circumsUinces 
the engineering student must be familiar with both, and should 
be able to convert with facility temperatures stated on one scale 
into the corresponding temperatures on the other. 

Conversion of temperatures. — The error which students are 
most liable to make in converting temperatures from the Fahren- 
heit to the Cen*^igrade scale, or rice rersa, is due to the same 

temperature— the freezing point of water- 
being marked 32' on one and 0* on the other, 
rendering it necessary sometimes to add and 
sometimes to subtract 32®. To avoid ri.xk of 
error, the following method may be used. 
Sketch two thermometers side by side, as 
shown in Fig. 23. Mark one F. and the other 
C. Mark the fixed points on each diagram, 
putting corresponding points opposite one 
another. Mark the given temperature on the 
thermometer. Suppose this to be 
60* F. It will be seen by inspection that tills 
temperature is (60 -32) = 28 Fahrenheit degrees above freezing 
point. Now since 180 Fahrenheit degrees correspond with 100 
Centigrade degrees, we may find the number of Centigrade degrees 
corresponding to 28 Fahrenheit degrees from 

Cent, degrees : 28=100 : 180, 
or, Cent, degrees =28x}®g 

= 28 xA = ir)*.x 

The given temperature, viz. 60’ F., therefore p c 

100 


10 
0 

— i V 5 — 0 0 

Required temperature=18-|-32 = 50* F. Fio. 24. 


corresponds with 15 'o C. 

Example i. Find the temperature on the 
Fahrenheit scale corresponding to 10* C. 

Cent, degrees above freezing point=10 (Fig. 24). 
Fall. ., „ „ 

_ins/9 — ifi® 


21^ 


iZ 


F C 
z/zl \-ioo 


(jO 

. 4-0 



TEMPERATURE. 


21 


Example ii. Find the temperature on the Centigrade scale 
cori’esponding to -15“ F. 

Fah. degrees below freezing point = 15+32=47 {Fig. 25). 

Cent. V II II =47x§- 

=26“-l. 

Required temperature= -26''1 C. 


F C 

ZjX lioo 


32 - • 4-0 
O' • 

./5 1 




Fjo. 25. 



7^ Testh^ thermometers. —The following experiments sliould be 
performed carefully. 

Exit I.— Arrange a funnel and beaker on a retort stand, as shown 
in Fig. 26. With a chisel remove some shavings from a block of icc, 
and put them into the funnel. Insert a thermometer, and pack th^ 
ice shavings closely round the bulb and stem as far up as the freezing 
point graduation. Bring the eye to the same level as the top of the 
mercury column, and take readings at intervals. Note the final steady 
reading ; this may be taken as the true freezing point of water. The 
freezing point error of the instrument will be the difference between 
the final steady reading and 32* if a Fahrenheit thermometer has been 
used, or 0“ if it is a Centigrade thermometer. The error should be 
noted with its proper sign, + or - , attached. 

Oteve in carrying out this experiment that the temperature 
as shown by the thermometer remains steady during the whole 
time that the ice is melting. 
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Expt. 2. — Bring some water to boiling temperature in a flask fitted 
with a side branch tlnovigh which the steam evolved may be discharged 
(Fig. 27). By means of a cork fit a thermometer to tlie mouth of the 
flask. Notice that the temperature remains steady at or near the 
boiling point graduation during the whole time that the water is 
boiling. 




A better form of apparatus for this e.xperinient is shown in 
Fig. 28. This consists of a small copper boiler, to the cover of 
which a double copper tube is attached. Tlie thermometer under 
test is placed in the inner tube, and is surrounded by steam 
coming from the boiling water. This steam pa.sses up the inner 
tube, then down the outer tube, being finally discharged at the 
bottom. The object of this anangement is to steam-jacket the 
tube containing the thermometer, thereby ensuijng that the 
tube shall be at the same temperature as the steam. A small 
glass U-gauge containing water is connected to the outer tube. 
When the water stands at the same level in both limbs of this 
gauge, the pressure of steam in.side the apparatus is equal to 
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that of the atmosphere outside. In using this apparatus, the 
thermometer is pushed through a cork, and placed in position 
so that its boiling point gradiif^tion is just visible above the cork. 
The water is then brought to boiling, and after steam has been 
given off freely during a few minutes, readings of the tliernionieter 


are taken. 

Should the reading in this e.^periment differ from the boiling 
point graduation of the thermometer, it does not necessarily follow 
that the thermometer is in error. It will be remembered (p. 19) 
that the water must be boiling under standard atmospheric 
pressure, and this may not be the pressure of the atmosphere 
at the time the test is carried out. To obtain the pressure of the 
atmosphere, readings of a standard barometer should be taken 
while the experiment is going on, and the temperature at which 
water boils when subjected to this pressure will then be found 
from the Table, p. 456. The error may be stated appro.Niiiiately 
as the difference between the olwerved boiling temperature 
and that shown in the Table, and should 
be noted with its proper sign attached, 

+ or -. 

Should the bore of the stem of a thermo- 
meter not be uniform, equal increases of 
volume of the mercury will not be indicate<l 
by equal difference.^ in the level of the 
mereury column. The bore, of course, ought 
to be as uniform as possible, and this is 
te.sted in ordinary physical work by careful 
measurement., and any inequalities found 
allowed for. For our purpose, the follow- 
ing simple experiment will suffice for 
testing the accuracy of the graduations 
between the freezing and boiling points. Fw. SO.-Apparatus for 

comi^hD^ the ec&lo of a 

Exrr. 3. -In Fig. 29, BB are two thermo- ^SSSSm^r.”' 
meters, one of which is a standard thermo- 
meter, i.e. one in which the graduation errors are known, and the 
other is a thermometer to be tested. Both are suspended with 
their bulbs immersed in water contained in a beaker A. Gradually 
raise the temperature of the water, and take simultaneous readings 
of the thermometers at intervals of say 5®, being careful to stir 
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the water well before taking the readings. Note these readings 
thus : 


Standard thermometer. 

Thermometer under test. 

Observed 

tornp. 

True 

temp. 

Ot>scrvcd 
tciiij). ' 

Error. 






Columns 1 and 3 are filled in from the ol)servation9 ; column 2 from 
the known errors of the standard tliermometer ; column 4, obtained by 
taking the difl'erences of columns 2 and 3, shows the errors of tlie 
thermometer under test at various parts of the scale. 

, Care and use of thermometers.— Thermometers should be 
handled carefully ; no attempt should be made to force the thin- 

walled bulbs through corks ; thermo- 
meters are liable to be injuied if 
subjected suddenly to great changes of 
temperature. Do not use any thermo- 
meter in a place where there is ri.^k of 
its being subjected to a temperature 
higher than that to which it is graduated, 
otherwise the bulb may be burst by 
the pressui'e of the expanding mercury. 
This danger may be guarded against 
partially by using thermometers having 
a safety bulb blown at the top of the 
stem (Fig. 22). 

In obtaining the temperature of water 
or steam under pressure, a metal cup 
closed at its inner end may be secured 
to the containing vessel (Fig. 30). Some 
cylinder oil, or mercury, is poured into 
the cnp and comes quickly to the tem- 
perature of the contents of the ves.sel, 
and this may be measured by inserting a thermometer in the 
liquid. 'Tliis arrangement prevents any risk of the thermometer 
bulb being collapsed by the pressure inside the vessel. 



FtG. 30.— liopkinson’s pressure 
cup for thcriuonictcrs. 
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In many cases where differences in temperature at two jarts of 
a pipe are required, it suffices to secure the thermometer witli its 
stem lying along the pipe, and to wrap cotton waste or flannel 
i-ound the pipe over tlie bulb, so as to ensure that the mercury 
comes to the .sanje temperature, approximately, as the pipe. 
As both thermometers are under sirinlar conditions, the differ- 
ence in their readings w-ill very nearly equal the difference 
. in the temperatures of the contents of the pipe at the two 
places. 

Measurement of high temperatures.— Under ordinary atmo.s- 
pheric pres.sure, mercury boils at consequently ordinary 

mercury theiunometers cannot be used for measuring temperatui es 
higher than this. High temperatures may sometimes be stated 
with sufficient exactness by reference to the hnown melting 
terai^ratures of certain substances. Thus, we may say that the 
temperature of a body is about that of melting lead (GIT’F.), if 
the temperature be such that a small piece of lead placed in contact 
with the body just melts. Paraffin, sulphur, tin may be used in 
the same way. The method is useful for roughly determining tlie 
temperature of furnaces. Substances used in this way are called 
thermoscopes. 

Pyrometers are instruments used for determining high tempera- 
tures with considerable accuracy. The temperature of a flue or 
furnace may he found by inserting a piece of platinum, coppei-, 
or other substance, allowing it to remain some time so a.s to come 
to the temperature of the furnace, then removing and plunging it 
into water. From the known weights of the substance and of the 
water used, and the temperature of the water before and aftei', the 
temperature of the flue or furnace may be calculated by a method 
which will he explained later. 

The electrical resistance of platinum wire at varying tempera- 
ture is used in some pyrometera to indicate the temperature to 
which the wire is exposed. In other pyrometers advantage is 
taken of the varying strength of electric current set up in an 
outer circuit when two dissimilar metals, such as platinum and 
iridium, in contact with one another, and in the circuit, are 
exposed to different temperatures. Other electrical and optical 
methods are in use, but the details of all of them are beyond 
the scope of this book, although their use in practice has been 

dcC' \ 01 
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rendered exceedingly simple in niodern instruments of appropriate 
design. 

Expansion. — The expansion of metals as a consequence of 
elevation of tempeiature is well known to engineers. Advantage 
is taken of the property in tlie execution of work requiring 
shrinkiiig. One piece of material, sucli as a wheel tire, or a gun 
tube, has to tit tightly on to another piece. The outer piece is 
bored out too small to go on when cold : but on being heated, it 
expands, and may then be slid into place. As cooling goes on, 



Fio. amntfomcnt fnr pcm.itHiu; a line of pipes to 

cx|wiud ou vIcTAtiou of t©u>|>cnituic. 


the outer piece shrinks, and lunds itself tightly on to the inner 

piece of material. ^ r 

In other classes of work, such as rails, steam pipe.s. boiler furnace 

tubes, etc., the expansion due to heating is a nuisance which has 
to be provided for. 

1- icr. 31 shows an arrangement for giving freedom to expand to 
steam pipes. In this arrangement, the end D of one part ot the 
piiie mav slide inside the other part A, which is farmed at A 
to receive it. The joint is made by means of packing A, A., 
inserted in the circular box C, and forced down tight by 
the gland D. Two long studs, one shown dotted, are screwed 
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ioto the flange of pass through holes in the flange of yf, and 
prevent any danger of the pipes becoming separated by the internal 
pressure. 

Expt. 4.— Apparatus by means of which an experiment useful fur 
allowing the ex’pansion of a metal tulie w'hcn lieatcd is shown in 
Fig. 32. .4 is a small Itoiler connected bj' rubber tubing ^ to a copper 
tube C. The copper tube is about 3 feet long and is plugged at botli 
ends ; a branch is soldered near each end on opposite sides of the tube. 
Steam from the boiler enters the tulie through B and is discharged 
freely through K. Two brass plates, each about 3^" long, I" wide, and 
i” thick are soldered to the tube at D and F. Tlie tube is supported 



Fic. 32.— Apixir.itus for showing Uie expansion of a inctal tube. 


by a block at D and held down by a weight E placed on the brass 

plate. The brass plate at the other end of the tube rests on a small 

roller made of thin drill steel which may roll on a brass plate H secured 

to a supporting block G. Any movement horizontally of this end of the 

copper tube will cause the roller to rotate, and this rotation will be 

render(^ evident by the pointer J travelling over the graduated scale. 

i lie pointer may he made of a narrow strip of card secured to the roller 

by means of sealing-wax. On passing steam from the boiler through 

the copper tube, the expansion will be shown clearly by the movements 
of the pointer. 

Expt. 6.-The expansion of water when heated may be shown bv 
««iig a small flask (Fig. 33) fitted with a rubber stopper and having a 
glass tube inserted. A paper scale is secured to the glass tube. Water 
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is introduced to the flask and stands, when cold, two or three inches up 
tlie tube. The water is best coloured with some red ink. On placing 

the flask into a vessel containing hot water, the 
water in the flask will be warmed gradually and 

- - its consequent expansion wll be shown by the 

~ " level rising in the glass tube. 

" " Coefficient of linear expansion. — All 

- - metals do nut expand to the same extent on 

■ ' being lieated through the same range of 

- - temperature. Thus, copper and brass expand 

■ " more than iron for the same increase of 

_ . _ temperature. This fact may be illustrated 

-0 - by means of two flat bars, one of copper, the 

^ other of iron, riveted together and heated. If 

jQ straight to begin with, the composite bar will be 

/.” found to be bent after heating, the copper bar 
I j being on the convex side of the bend, showing 

' ^ that it hiis expanded more than the iron. 

t'ln. 33.— Appitrattis T^e coefficient of linear expansion of a substance 

[wiiJion'of'waien 13 the increase in leng:th which a bar of unit length 

undergoes when heated through one degree. 

Eet e=coefficient of linear expansion, 

Z.=original length of bar, 
f=elevation of temperature. 

Then, the increase in length of a bar of unit length, heated through 
t degrees = ? x c ; and for a bar of length L, the increase in length 
=^IjXtx.e\ 

length of bar after heating=i + i/ic=i(l + ^e) 

Example. Steel rails, each 20 feet in length, are laid when the 
atmospheric temperature is 50’ F. It is intended that the ends sho\ild 
touch if the temperature reaches 120“ F. What space should be left 
between the ends when laying the rails? Take the coefficient of linear 
*xpansion=0‘0000067 per degree Fah. 

I < Increase in temperature=(120 - 50)=70“F. 

Increase in a length of 20 fect=if< 

=20 x 70 x 0 0000067 
=0-00938 foot 
=0-113 inch. 


'V 
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The space loft between the ends in order to allow for this increase 
in length must bo 0'113 inch. 

Coefficient of superficial expansion.— This coefficient may be , 
defined as the increase in area wliich a plate of unit area undergoes 
when heated through one degree. 

The value of this coefficient for a given substance may be shown 
to be doable that of the linear coefficient of expansion for the same 
substance. 

The coefficient of cubical expansion of a substance mav be 
defined as the increase in volume which unit volume will undergo 
when heated through one degree. 

The value of this coefficient may be sihown to be three times 
that of the linear coefficient of expansion of the substance. 

In using the nunieiical values of the above coefficients, care 
should be taken to ascertain whether tlie values given in tlie Table 
from which they are extracted are for the Fahrenlieit or Centigrade 
scale. In books on engineering subjects tliey ar e generally stated 
for the Fahrenheit scale (such a Table will be found on p. 406), and 
in physical text books, for the Centigrade scale. 


EXERCISES ON CHAPTER 11. 

1. Explain the terms “temperature,” “scale of temperature' 

“freezing point,” “boiling point.” ’ 

2. Find the temperature Fabrcnlieit cnircsponding to 140’ Centi- 
grado. 

8. Find the temperature Centigrade corresponding to - 40“ Fahren- 


^^^Find the temperature Fahrenheit corresponding to -273“ Centi- 

measures U" in length at a temperature of 
length at a temperature of 200* 
de^ Fah coefficient of linear expansion =0-0000105 per 

in u ^ position on the shaft. The hole 

L ^ to " hat tempemture It 

l^ke diameter of the hole may lie 12-05'’ 

•lake coefficient of linear expansion =0-0000067 per degree Fall. 
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7. (iive sketclies iiiul description of any means for providing for the 
expansion of a long line of steam pipes. 

8. Calculate tlio cli.inge in length of a line of wrought iron steam 
l)ipes. 6.) feet long, when the temperature is raised from 50° F. to 
338° F. Take coefficient of linear expansion = 0 0000067 per degree 
Fall. 



CHAPTER III. 


HEAT /VXD ITS MEASUREMENT. 

Quantity of heat. — When a hot and a cold bcxly ai'e brought 
into contact, both will come ultimately to the wime tenipei’ature, 
which will lie between the temperatures originally pos.sessed by 
the bodies. 

Expt. 6.— Take two vessels, one, .1, containing about 2 pints of 
water at alwut 00’ F., the other, B, containing al)nut J pint of water 
at about 150’ F. Place a thermometer in each vc.ssel, stir the water 
and take the tcmi)craturcs. Now pour the water fiom li into /I, stir 
again and read the lempeiature. With tlie quantities as mentioned 
above this will probably be about 70' F. As the water originally in A 
has been warmed alwut lO’F., while that in Ji lias liecn cooled about 
80’F., it is evident that something has passed from tlie hotter into the 
colder water. To this something is given the name of heat. 

Notice that temperature and heat are not the same. As the 
temperature of the water in A has not been increased to the same 
extent that the temperatuie of the water in li has been lowered, 
it is evident that it has not been temperature that liiis been trans- 
ferred. Moreover, a comparatively cold body may contain a great 
quantity of heat while a very hot body may possess a small quantity 
of heat only. A vessel of water set to Iwil over a Bunsen burner 
receives a great quantity of heat, as e-stimated by the time taken, 
while its final temperature of 212’ F. Is compai-atively low. A wire 
• held in a flame comes to a very high tempereture almost imme- 
diately, and evidently can only contain a small quantity of heat. 

Units of heat.— Quantities of heat are measured by comparison 
with that quantity required to elevate the temperature of unit 
mass of water through I’. In the metric system, the gram-degree* 
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Centigrade is the unit of heat ; thi.s unit is the quantity of heat 
required to raise the temperature of one gram of water through 1° C, 
This unit is sometimes called a therm, or a gram-calorie. Frequently 
a unit of heat K'OO times as large as the therm is used, this being 
called a calorie, or sometimes a major-calorie or great calorie. 

In Britain, two heat units are in common use as well as the 
metric units. These are: 

(a) the quantity of heat required to raise the temperature of 1 lb. of 
water through 1 C.; 

(b) the quantity of heat required to raise the temperature of 1 lb. of 
water through 1 F. The former of these is called the pound-degree- 
Centigrade unit, or, briefly, the Centigrade unit of heat ; the latter is 
called the pound-degree-Fahrenheit unit, or the Fahrenheit unit, or, 
more generally, the British Thermal Unit, written b.t.u. 

Engineei-s use most frequently the British thermal unit, although 
recently in several important papers on engineering subjects the 
pouiul-degree-Centigrade unit has been employed. Students should 
make them.sclves familiar with all three uniU. 

Ex.vmplk I. Calculate the quantity of licat in British thermal units 
required to raise the temperatme of one pound of water through TC. 

Since 1 ii.T.r. can raise the temperature of 1 lb. of water through 
TF., and .since f degree Fah. is equivalent to 1 degree Centigrade, it 
billows that $ B.T.r. will be required. 

From this example it will be seen that 

1 Ib.-degree Cent. unit = 2 b.t.u. 

1 b.t.u. = .5 Ib.-degree-Cent. unit. 

These values enable us to convert from one system to the other. 

Examplk ii. What factor must be employed to convert a given 
quantity of heat stated in giam-oalories into b.t.u. ? 

1 gram-calorie can raise tlie temp, of 1 gram wafer through TC. 

4.)3 () gram-calories ,, ,, ,, 453'6 grams ,, ,, 1°C. 

And, since 1 lb. =4.")3'6 grams, this statement may be written, 

453‘6 gram-calories can raise the temp, of 1 lb. water through TC. 

(|x453-G) „ „ „ I’F- 

1 IJ.T.C. =|x4o3'6 

=2;i2 gram-c.alories. 

Hence, to convert from gram-calories to b.t.u. multiply the 
gram-calories by =0'003968. 
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To convert from b.t.u. to gi-ain-calories, multiply the b.t.u.’s 
b^252. 

»/ Specific teat— Suppose l lb. each of several different substances 
to be experimented on with a view to ascertain what quantity of 
heat is required to raise the temperature of each through T, it 
would, in general, be found that the quantities required diffei*. 
Water requires most, metals require a much smaller quantity 
of heat. The specific lieat of a substance may be defined as the 
quantity of heat required to raise the temperature of unit mass of 
the substance through one degree. The specific heat of water by 
this definition will be 1. The specific heat of iron is about 
from which we infer that ); b.t.u. when imparted to 1 lb. of 
iron will raise its tempemture through I* F. It will also be seen 
that since 1 Ib.-degree-Cent. unit can raise the temperature of 
1 lb. of water through 1° C., J Ib.-degree-Cent. unit will raise 
the temperature of 1 lb. of iron through V C. In the same 
M'ay, J gram-calorie unit can raise the temperature of 1 gnitn of 
iron through 1* C. It will theiefoie be undej-stood that tlie 
number giving the specific heat of a substance is the same for 
ail thiee systems of units. 

A Table giving the specific heats of some common substances will 
be found on p. 457. 

^ Water equivalent of a body.— By this expression is meant that 
weight of water which requires the same quantity of heat to raise 
its temperature through one degree as the body would require in 
order to elevate its temperature to the same extent Thus, the 
water equivalent of a piece of iron vveigliing 1 lb. is i lb. ; and 
of an iron cylinder weighing 2 cwts. is -g* = 25 lbs. water nearly. 
This conception is useful in simplifying the calculations required in 
reducing data obtained in experiments on transference of heat. 

Let ir=the weight, in lbs., of a body. 
a=the specific heat of the material. 

Then, Water equivalent of the body= If s lbs. 

Transference of heat.— Heat may be transferred from one body 
• to another by (a) conduction, (6) convection, (c) radiation. 

In conduction, the particles of a body nearest to a source of heat 
are warmed first ; these then heat the neighbouring particles, 
which in turn pass on heat to the others ; heat is thus transferred 
through chains of particles until the whole body has been heated 

D.8. r. 
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In convection, particles nearest to tlie source of heat are warmed 
and then pass off to some other part of the body, making room for 
other particles to approach the source of heat to be warmed and 
pass off in turn. Ihe whole body ultimately becomes warmed by 
these currents of particles. 

In radiation, heat is transferred by a kind of wave motion in the 
ether, a medium which, it is assumed, fills all space. The heat 
waves arriving at a body and being absorbed produce the ordinary 
effects of heat. 

All these methods of transference of heat occur in steam boilei-s. 
The furnace plates become heated by heat radiated from the fire ; 

heat passes tliroiigh the plates into tlie 
water by conduction ; and the water becomes 
^ ection, the lesulting cuii-ents 
setting the water into circulation. 

E.\i*t. 7. — Fig. 34 shows an apparatus by 
means of which convection eurrctiis in water , 
may be studied. A is a vessel with a hole in 
its liottom made to receive a glass tube B. 
H is sealed at its lower end, and its upper end 
is alxjut flush with tlie bottom of A. Anotlior 
smaller Iwre glass tube C, open at l)oth ends, is 
suspended centrally in 5, its lower end being 
Flo. 3t.— App;»nitii8 for al)out 2" from the bottom of B, and its upper 
sliowitii' tlie circulation lieing a little below the surface of water 

tioii currents. wJiieli 18 contained by A and fills Itoth tubes. 

On applying a Bunsen flame gently at tlie lower 
end of B, tlic water there will be warmed and convection currents will 
be set up, the current flowing up through C to the surface of the water 
in .1, wliile colder water descends from A, through tlie space Iwtween 
the two tubes, to be heated in turn. 

This device is occasionally used in .steam boilers. Tlie import- 
ance of making proper provision for free circulation of tlie water 
ill steam boilers should be here noted. 

Calculation regarding heat transference.~ln making calcula- 
tions of the ultimate temperature attained when heat is transferred 
from one body to another, we may a.ssume in the "first instance 
that no heat is wasted in raising the temperature of any body 
other than the colder one considered. Corrections may then be 
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estimated and applied for any heat known to be wasted. Calling 
the two bodies A and B, we may state as an appi oxiniate solution : 

Heat passing from /l=heat entering B. 

Expt. 8 . — Weigh about 4 lbs. of cold %vatcr in a vessel, preferably 
made of copper, and about 1 lb. of hot water in nnolher vessel. Take 
the temperatures, using two thermometers, one in each vessel. Then 
pour the hot water into the first vessel, stir up well, and note the final 
steady temperature. 


Compare this temperature with the value calculated as follows : 
Let — weight in lbs. of the cold water. 

„ „ „ „ hot „ 

t\i =temperature of the cold water, 
f fl — „ „ hot „ 

= calculated final steady temperature. 


The temperatures are to be stated all in the same scale. 

^ Heat passing from B= x fall in temperature from 

Heat entering A = x rise in temperature from 

Assume 

Heat passing from B =lieat entering A. 



KtA= i[v=<(ir,+ We), 




to t\ 
to t\ 




Inserting the experimental values on the right hand side of this 
equation, the calculated value of t will be found. This value will 
be found to be somewhat higher than that found for ( experi- 
mentally, the difference representing the toUl correction which 

must be applied to the calculated value in order to obtain the true 
one. 

Setting aside errors in measuring the temperatures accurately 
and the possible error due to some of the hot water being left in 
ite onginal vessel, the principal .source of error lies in the fact that 
thev^el in which the mixture is effected has its temperature 
raised as well as the water which it conUins. To allow for this, 
the water equivalent of the vessel should be calculated and added 
to the weight of cold water taken. 
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Let ll’= weight of vessel, 

«= ;pecific heat of its material. 

Then, ir5 = \\!iter equivalent of vessel. 

Equation (1) above now beconie.s 

( 3 ) 

giving 

j ( n j + + II 

ir,4.ir«+H\ 

Ti-y if the final temperature as calculated from equation (4) agrees 
more nearly with that found experimentally. 

Vessels, such as that used in Expt. B, in wliich the heat 
transferences take place, are called calorimeters, We may define 
a calorimeter as an instrument used for measuring quantities of 
beat. 


Exit. 9.— The .specific heat of a solid may he determined by a 
simple method of mixtures. By means of a piece of cotton suspend a 
piece of iron, copper, bras.s. or other metal in a beaker of boiling water. 
Keep the water Iwiling for several minutes. Have ready a copper 
calorimeter containing a quantity of water, and adjust the temperature 
of tins water so tliat it is only slightly below that of the room. This 
may he clTccted by adding liot or cold water as required. Wlien ready, 
note tile temperature /, of the water in the calorimeter ; rapidly 
transfer the metal from the beaker to tlie calorimeter, taking as little 
boiling water as possible in doing so, and keep it moving about in tlie 
calorimeter. Note the highest temperature attained by tlie water 
in the calorimeter, calling this Remove the metal and weigh 
the calorimeter and water, deduct from this the weight of the 
calorimeter, the result l)eing the weight of the water alone. Weigh 
the metal. 


Let 


U’= weight of metal. 

„ water. 


= water equivalent of the calorimeter. 


1 


212*=initial temp, of metal, 

„ „ „ water, 

^2 = final ,, „ „ and metal 

«=specific heat of metal under test. 

Heat piissing from metal = Tl’x drop in temp, of metal X& 


all on 
j Fall, scale. 
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Kent entering calorimeter 

=(Ilw+ rise in temp, of calorimeter. 

ir(2i2-r2) • 

From which s may be found. 

In carrying out Expt. 9, if the initial temperature of the water 
in the calorimeter be above that of the air in the room, lieat will 
pass into the atmosphere from the calorimeter throughout the 
experiment. On the other hand, if the water temperature be 
initially considerably below that of the room, heat will pass from 
the atmosphere into the calorimeter throughout the test. In 
either case, a correction must be applied. The necessity for this 
correction disappears if the initial temperature of the water is as 
much below the terapei-ature of the room as the final tempera- 
ture is above it. With a little trouble in adjusting the initial 
temperature, these conditions may be approximately secured. 

Expt, 10.— Procure a number of half -gallon ^in cans, without liandles, 
and fitted with lids. Have a short piece of bmss tube about dinm. 
soldered centrally to each lid ; this will permit of a thermometer being 
ijiserted through a cork fitted to the tube. Leave one can with its 
surface bright ; coat the whole of the outside of a second u-ith lamp 
black ; cover another, lid included, with cotton uool ; another with hair 
felt; another with asbestos or any other boiler or pipe covering com- 
position available. Set these prep.ared cans in a row on the bench and 
pour equal quantities of hot water into each through the tube, using a 
glass funnel and being careful that no water is spilled over the outside 
of the covering material. Insert thermometers and read their tem- 
peratures at intervals of 5 minutes. Tabulate thus : 


Time. 

Temperatures of water in 

Can A 
bright tin. 

Can B 
lamp black. 

ClQ C 
cottonwool 

Can D 
Lair felt. 

Can E 
asbestos. 



! 
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Plot these temperature readings and times on a single sheet of 
squared paper. The plotted curves will ctiable us to infer the rate at 
whicli heat passes from each can by conduction through the material 
and by radiation from the surface. A rough comparison of the value 
of each of the coverings used as a non-cotiduetor of heat may now be 
made. Pay special attention to cans A and Ji. Notice that can li 
loses heat more rapidly than can A, from which ue may infer that if 
we are compelled to use a Iwre metal surface for a vessel containing a 
substance, the temperature of which is to he preserved as nearly con- 
stant as possible, the surface sliould be brightly polished. 

Some important definitions.—Work is said to be done when 
a force acts tlirougli a distance, overcoming resistance. Thus, 
work i.s done against the resistance of gravity while a weight is 
being raised. The unit of work generally employed is the foot-lb., 
e.xpended when a force of one pound acts through a distance of 
one foot. Energy means capability of doing work. For example, 
a weiglit, when raised, possesses enei-gy, because it can perform 
work if allowed to descend. All bodies in motion possess energy, 
for work may be performed by them while they are coming to 
rest. This statement evidently is true no matter how small the 
body may be. 

Energy 1ms many different forms. That possessed by a raised 
weight or coiled spring is said to be Potential Energy. That 
possessetl by a moving body by virtue of its motion is called 
Kinetic Energy. Potential energy may be conveited into kinetic- 
energy : for example, a raised weight, if allowed to fail freely, will 
liave its potential energy gradually converted into kinetic energy 
during the fall, the convei-sion being complete at the instant the 
weight reaches the ground, when all the potential enei-gy will 
have been converted into an equal quantity of kinetic energy. 
The principle of the conservation of energy asserts that energy 
cannot be created or destroyed, it can only he converted from one 
form into another. 

Heat is a form of energy.— At one time it was supposed that 
heat was a material substance, capable of being soaked in or 
squeezed out, as it wei-e, by a body. Eumford showed by his 
CJinnon-boring experiment, in which a blunt boring tool was u.sed, 
that sufficient heat was evolved to boil a large quantity of water 
while only a very small quantity of material was removed by the 
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tool. He concluded it wa.s inipos-sible that the large quantity 
of heat given to the water could have been contained by and 
squeezed out from the small amount of material removed, and 
that therefore heat must be a form of motion. 

Davy further confirmed this view by nibbing two blocks of ice 
together, taking precautions to ensure that no heat could be 
communicated to them from outside sources. He found tliat 
in a short time the ice was melted. Apparently an unlimited 
quantity of heat can be produced by the simple process of 



Flo. SS.— Apparatus used by Joule In bis experiments on the mocbanical 

equivalent of beat 


rubbing two bodies together, and therefore it is impossible that 
heat can be a material substance contained by the rubbing 
bodies. 

Nature of heat. — It is now believed tliat beat is really the energy 
of the molecules of which any body is constructed. The molecules 
in a solid do not move about inside the body, that is, do not 
alter their relative positions, but are in a state of vibration. 
Heat imparted to a solid increases the molecular vibrations and 
80 increases the energy of the molecules. 

In a liquid, the molecules are not only in vibration, but may 
also move relatively to one another with comparative freedom. 
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Heat imparted to a liquid may increase the energy of vibration 



Fio. 3G.— Joule’s calorimeter. 


and at the same time produce currents 
of molecules from one part of the liquid 
to another. 

In substances in the gaseous state, the 
molecules are in rapid motion, continually 
colliding with one another and with the 
walls of the containing vessel. This con- 
tinual bombardment produces pressure 
on the walls. Heat imparted to the gas 
increases the speed of the molecules, 
thereby increasing their kinetic energy 
and the pi^ssure on the walls of the 
vessel. 

Joule's mechanical equivalent.— 
Joule investigated the question of how 
much mechanical work must be done for 
the production of a given quantity of 
heat. In bis e.xperinients, falling weights 
ce (Fig. 35) were used to drive a paddle 
revolving inside a vessel AB fitted with 
batfle plates and containing water. The 
vessel is shown .separately in Fig. 3G. 
The work done by gravity on the falling 
weights was thus converted into heat by 
stirring the water against the resistance 
offered by the baffle plates. From the 
known weights and the height fallen, the 
lueclianical work done was estimated, due 
allowance being made for mechanical 
losses. The rise in temperature of the 
measured quantity of water in the vessel 
enabled the heat produced to be calcu- 
lated, corrections for wasted lieat being 
applied. 'Fhe result of these very 
careful e.xperinients was that 772 foot- 
pounds of mechanical energy disappear 


in the production of one British Thermal Unit. 

Later experiments by Rowland, Osborne Reynolds and Griffiths 
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give 774 and 778 as more correct numbers. As the difference 
between 772 and 778 does not amount to 1 per cent., it matters 
little in ordinary calculations which of these numbers is u.Hed, but 
considerable confusion exists through different nurabei’s liaving 
been used in calculating quantities i-equired for insertion in table.s 
giving the properties of steam. 


EXERCISES ON CHAPTER III. 

1. Distinguish clearly between heat and temperature. 

,2. Express 42’4 b.t.o. in Ib.-degree-Cent. units. Express the same 
quantity of heal in gram-calorie units. 

r 3. Define "specific heat of a substance.” A copper vessel weighs 
• lbs. Calculate the quantity of heat required to raise its temperature 
80° F. Take the specific heat of copper to be 0'092. 

4. Explain the different ways in which heat may be transferred 
Give examples. 

6. 5 gallons of water at a temperature of 180’ F. arc poured into .a 
tank containing 30 gallons of water at 60’ F. Calculate the final 
temperature of the water on the assumption that no heat is lost. 

\y' 6. A piece of copper weighing 2 llw. is brouglit to a temperature of 
212’ F. and then dropped into a vessel containing 3 lbs. of water at 
55' F. Neglecting any sources of loss, u’liat will be the final 
temperature ? • • • • 

7. Answer Exercise 6 again on the supposition that the water 
equivalent of the vessel is 0’5 lb. 

8. Give a brief explanation of our reasons for believing that heat is 
a form of energy. 

, 9. Taking Joule’s mechanical equivalent of heat to he 778 ft. lbs., 

calcukte the mechanical work equivalent to tlie heat which must he 
imparted to a pound of water in order to raise its temperature from 

, freezing point to boiling point. 

10. A piece of iron weighing 100 grams is allowed to remain in a 
current of hot gases for a few minutes, and is then dropped into a 
calorimeter containing 500 c.c. of water at 15° C. The water equiva- 
lent of the calorimeter is 40 grams. The final steady temperature was 
, observed to be 22°'5 C. Calculate the temperature of the gases. Take 
tfee specific heat of iron to be 0'1098. 

* 11. One pound of coal when completely burned can give out 15,000 

B.T.D. ; one pound of petroleum, 20,500 b.t.u. ; one cubic foot of 
“Siting gas, 600 B.r.0. Express these quantities of heat in foot lbs. 
Take/=778ft. lbs. 
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12, Tin- iiH-liil <f| ;i ciTt.iin hoil.-r wfi;.'lis 1.4 t..iis and cimtains ] 1 tons 
of watt‘1'. (’.ili'nlatf tin- i|u,iiitity of Inat in ii.T.r. ulinli mils! he 
snpjilied ill oifler to laHe ili-- ti'iii|>er,iliiir of llir m-'t.il .nid tli<' water 

from IH) !■ . to .1411 p. lake llie '<iK-i'itie heat of tlio metal to lie 
lIlll-IS. 




CHAPTER IV. 

PROPERTIES OF GASES. 

The gaseous state.— A substance in tlie gaseous state possesses 
the property of indefinite expansion. A small quantity of gas 
introduced into a perfectly empty vessel will at once expand and 
occupy the whole of the interior. Gases may exist either as 
vapours, or as so-called perfect guses. The perfect gas was sup- 
posed to exist under all conditions of pressure and temperature us 
a gas, but it is now well known that all gases can be liquefied by 
great pressure and cold. A vapour may be defined as a gas near 
its liquefying point, and a perfect gas as the same substance far 
removed from its liquefying point. Gases, such as oxygen, 
hyfb'ogen, nitrogen, and atmospheric air (which is a mixture 
of oxygen and nitrogen) behave as perfect gases under ordinary 
atmospheric conditions of pressure and temperature. Steam as it 
comes from boiling water is a vapour, but, if heated to a high 
temperature after leaving the water, it behaves more like a perfect 
gas. If the temperature of any gas be raised, keeping the pressure 
constant, the volume will be increjised ; and, if the volume be kept 

constant, the pressure will be increased as the temperature is 
raised. 

Pressure of the atmosphere.— The pressure of the atmosphere 
will be made evident and may be roughly measured by the 
following experiment : 

Expt. II.— Take a glass tube closed at one end and open at the 
other, about long, and fill it with mercury. Close the open end by 
means of a finger, and invert the tube several times so as to collect 
int4> one bubble any air contained in the tube. Let this air escape 
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and add mercury so as to fill the tube to the top. Close the end again 
with a finger and invert the tube, placing the open end in a cup of 
mercury. On removing the finger, the tube being held vertically, the 

level of the mercury inside the tube will fall 
until it stands at a height h inches above 
that in the cup {Fig. 37). 

At A, the pressure inside the tube i.s that 
due to a column of mercury h inches high, 
and is equal to {wxk) lbs. per square inch, 
tc being the weight of a cubic inch of 
mercury. The pressure of the atmosphere 
on tha surface of the mercury in the cup 
will be equal to this. ' The average height 
of the mercury column is 30 inches, and as 
mercury weighs nearly 0‘49 pound per cubic 
Inch, this column represents a pressure of 
0'49 multiplied by 30, or 147 pounds per 
square inch. 

The apparatus constitutes the common 
barometer. It is u.sefiil to remember that 

Fio. 37. -Apparatus fur eveiy itich of mercury height in a baro- 
fhcTZnll’S:'."”''’'' oorresponds nearly to a pressure of 

lb. per square inch. 

E.vi'T. 12. — Measure in your rough l«iromcter, the height of the 
mercury column in inches and calculate from this the atmospheric 
pressure in lbs. per square inch. Compare also the height measured 
with that shown by a standard barometer at the same time. 

Other forms of barometer. — A standard barometer is much 
more elaborately fitted than the rough one of Expt. 11. In 
Fit?. 38, Fortin’s barometer is illustrated. This instrument has a 
screw A fitted to the mercury cup by means of which the level of 
the mercury in the cup li may be brought to coincide with a 
point l\ The upper part of the case is furnished with a scale and 
a sliding vernier, operated by mean.s of a thumb screw B. Mirrors 
are fitted to the back board behind the cup R and the scale B. 
To read this instrument, first adjust the level of the mercury in 
the cup R, using the screw A. Bring the eye to the level of the 
top of the mercury column (the mirror aids this) and operate the 



PRESSURE OF THE ATMOSPHERE. 


45 


screw B until the top of the vernier coincides 
with the top of the mercury column. Readings 
of the scale and vernier are then taken. 

In the aneroid barometer a metallic box has 
one side made flexible. The box is exhausted 
of air as nearly as possible, and the flexible 
side will now be more or less forced in, as the 
magnitude of the external atmospheric pressure 
increases or diminishes. Tiiis movement of the 
side is communicated and magnified by means 
of level’s and toothed wheels to a small spindle 
which projects outside the case and carries an 
index finger which is thus caused to tnivel over 
a scale. By suitably graduating the scale the 
pressure of the atmosphere will be indicatetl by 
the position of the index finger. 

Measurement of pressure of a gas. — 
Engineers in this country usually measure 
gaseous pressures in pounds per square inch; 
or, if the pressure be very higli, in atiiios))heres, 
one atmosphere being a gaseous pressure of 
14” lbs. per square inch. For low pressures 
of steam such as are found in condensers, the 
pressure is usually stated in inches height of 
mercury column, as this facilitates comparison 
with the barometric pressiu-e. The metric unit 
of gaseous pressure is usually one kilogi-am per 
square centimetre. Taking 1 square inch = 6-45 
square cms., and 1 kilogram = 2-205 lbs., a pres- 
sure of 1 kilogram per square centimetie will 
be equivalent to (6’4.5x 2-205) =14-22 lbs. per 
square inch. For rough conversion from the 
metric to the British system, it is convenient 
to i-eraeraber that a pressure of one kilogram per 
square centimetre is approximately equal to a 
pressure of one atmosphere {i.e. 14-7 lbs. per 
^square inch). 

Chimney draught, which is the difference in the 
gaseous pressures inside and outside at the base 



Fio. 88. — Fortin’s 
liarometcr. 
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of a chimney, is usually measured in inches of water. A column of 
water 144 feet high and 1 square inch in section {i.e. one cubic foot 
in volume) gives a pressure at its base of 62-4 lbs. Hence a column 
2 3 feet high gives 1 lb. per square inch pressure. ] inch water 
pressure =0036 lb. per square inch=.o-2 lbs. per square foot. 

There are two zeros of gaseous pressure from which other pressures 
' may be measured ; these are : 

(o) atmosphei'ic pressure, other pressures being stated as so 
. nmch above or below this ; 

, (6) pei’fect vacuum, that is the condition of pressure which exists 

‘ in a space perfectly empty of gas, which, of course, will be devoid 
of all gaseous pressure. 

Pressures stated above perfect vacuum are said to be absolute 
pressures; those stated from atmospheric pressure are said to be 
gauge or bursting pressures. Tlie meaning of the last term will be 
rendered evident by considering a vessel containing gas under a 
pressure of say 100 lbs. per scjuare inch above atmospheric pres- 
sure. The interior walls of the vessel will actually be subjected to 
a pressure of (1004-14-7)=1147 lbs. per square inch (absolute 
pressure), which pressure, tendijig to force the walls of the vessel 
outwards, is partially counteracted by the external pressure of 
tlie atmosphere, 147 lbs. per sijuare inch, tending to cru.'th or 
collapse the vessel. The net pressure tending to burst the vessel 
will be the difference, le. 100 lbs. per square inch, which is there- 
fore called the bursting pressure. The name gauge pressure given 
to the same pressure is due to the fact that gauges used for 
indicating the gaseous pressure in a closed vessel show, not the 
absolute pre-ssure, but the difference between the absolute pressure 
inside the vessel and the atmospheric pressure outside. Pressure 
gauges will be described later. 

Boyle’s Law for perfect gases.— The experiments of Boyle 
and others, on the connection between pressure and volume of 
gases, show that the absolute pressure varies inversely as the volume, 

\ provided the temperature remains unaltered. Taking a given mass 
of gas under conditions of pressure and volume pi and r,, let 
these be changed, without alteration of temperature, to any other 

conditions ^2 H then 


or, 
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Since any other conditions of pressure and volume may be 
taken, we may write the law as 

pv= 2 i constant. 


This law has been proved experimentally to be followed closely 
by such gases as air, hydrogen, oxygen, nitrogen and otlieis 
when not very far removed • 

from ordinary atmospheric con- _ _ 

ditions of pressure and tempera- 
ture, but it is not followed by 
steam and other vapoui-s which 
are near to their liquefying 
points. 


A perfect gas is sometimes 
detined as one which closely 
obeys Boyle’s Law. 



Expt. 13.— To verify Boyle’s 
Law roughly, the apparatus 
shown in Fig. 39 may be used. 

A vertical glass tul)e is bent 
as shown, the long limb A being 
left open and the sliort limb B 
closed. Mercury is introduced 
and adjusted so tliat it stands 
at the same level in Iwtli limits. 

The air enclosed at B will then 
be at the atmosplieric pressure 
shown by a barometer. Read 
the barometer aud let its height 
be hi inches of mercury. The 
volume of the enclosed air may 
be stated with sufficient accuracy 
by measuring the length of lube occupied by air and taking this 
length to represent the volume. Let this i,. On pouring more 
mercury into A, the level in the long limb will be found to bo 
higher than that in B (Fig. 40). Let h., be the difference in levels. 
Then the pressure of the enclosed air will be (A, + A.), and its volume 
Will oe represented by fj. Repeat the experiment several times, 
to each ease waiting a minute or so after adding more mercury in 



Pio. 80.- Tube Flo. 40. 

used iix vcrifyiug 
iiuylg s Law. 
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oixler to allow the compressed air to cool to tlie temperature of the’ 
room, and tabulate thus : 


Pressure, iitohes of 
mercury. 

Volimic, length of tube 
B occupied by air. 

Product of prcRsuro 
and volume. 


1 



It will 1)0 found that the products in the last column are very nearly 
equal to one another and to the first product A/,. Plot columns 
1 and 2, and draw a curve to illustrate Boyle s law (Fig. 41). 

Matlieniaticians call this curve a rectaDg^ar hyperbola. As it is 
of considerable importance, two methods of finding points in the 
curve from given particulai-s will now be explained. 



Fio. 41.— Curve illustratiug Boyle's Law. 


Example. 2 cubic feet of air at an absolute pressure of 100 lbs. 
per square inch are expanded at uniform temperature until the volume 
occupied is 8 cubic feet. Plot a curve showing the expansion. 
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Method 1. From Boyle's law, 

Pl‘'lW2=P3’3 = «tC (1) 

Take volumes diirering by 1 cubic foot, and calculate corresponding 
pressures, using equations (1) which will take the form 




etc. 


Arrange the results in a table, thus : 


Volumes^ 
cubic feet 

pressures, 
lb$. i>cr b<|. inch. 

Volumes, 
cubic feel. 

Pressures, 
lbs. per sq. inch. 

2 ' 


r> 

.33*.3 

3 


m 

/ 

28 ■« 

4 


8 

1 

2.') 

0 


1 



Plot these as sliown in Fig. 41. 

Method 2. Take two axes OX, OY (Fig. 42|. Set off OA along 
01’ to represent /)„ and OC along OA' to represent r, to convenient 
scales of pressure and volume. Make 
0E=r.^ 0)mplcte the rectangles 
OAfiOand OADE. Join OD cutting 
CR in F, Draw FG parallel to OA'. 

Then EG is equal to ;x,, so that G 
will l)e a point on the cximnsion 
curve. 

Proof. The triangles OCF and 
OED are similar, therefore 

FC : 0C= DE : OE, 
or; EGiOC=BC:OE. 

But 00= fj, BC=Pi, and OE=v^ 

.*. EG : I’j =pi : 



or, EG=^, 

V.2 

and therefore, by Boyle’s law, EG^p^. 
D.s. ‘ D 
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Other points may be found in a similar fashion. Fig. 43 shows the 
complete curve obtained by the use of this constructional methotl. 


I 


/ 


'Pressure 



Fio. 43.— Boyle’s Lvw curve drawn by means of a geometrical coustructicn. 


Charles's law.- -Tins law, fii-st enunciated by Cliailes and Gay 
; Lussac, states tlmt all perfect gases expand by the same fraction of 
j the volume they occupy at freezing temperature when their temperature 
I is raised one degree, provided the pressure remains unaltered. 

Using the Centigrade scale of temperature, the fj’action has 


been found experimentally to be or 
Fahrenheit scale be employed. 


\273'7^9/ 403 


if the 


Let r(,=volume of a given mass of gas at freezing temperature : 

V =its volume at any other temperature t, the pressure being 
unalteied. 


Tlien, 




— Tj/, where t is the Centigrade temperature, 
I'oG - 32), where i is the Fahrenheit temperature. 
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These equations are not convenient for calculation, as usually 
the volume stated is given at some other temperature than 
freezing. To use the above equations, the volume occupied at 
freezing temperature Tvould have to be calculated first, before 
the volume V occupied at some stated temperature t could be 
found. 

Absolute scale of temperature.— By use of the absolute scale 
of temperature, calculations on the changes of volume and tem- 
perature of a gas become much simpler. Suppose we take 4!i3 
cubic feet of a gas at freezing temi)eraturc, 32“ F., and, at constant 
pressure, raise the temperature to 33“ F. The volume will become 

{493+(4JjiX 493)1=494 cubic feet. 

Raising the temperature to 34” F. will give a volume of 

{493 X 493)1 = 495 cubic feet. 

At 35” F. the volume would become 496 cubic feet and so on, eacli 
degiee Fah. of increase in the temperature producing an increiise 
of 1 cubic foot in the volume. Regraduate tlie Fahrenheit 
thermometer by marking freezing point 493" instead of 32 and 
boiling point 673” instead of 212”, and it is easy to see that now 
the volumes occupied by the gas will be proportional to the 
temperatures on the regraduated scale. Such a scale is called an 
absolute scale of temperature. Had a Centigrade thermometer been 
employed, we should have placed 273'7” at freezing point and 
3737° at boiling point. These scales are referred to as the absolute 
temperature Fah., and the absolute temperature Cent, respectively. 

We shall use the letter t for ordinary temperatui'es, Fahrenheit 
or Centigrade, and the Greek letter t for absolute temperatures. 
Zero on the ordinary Fahrenheit scjile is marked (493-32)=46r 
on the absolute scale. 

To convert from the ordinary scales to the absolute scales we 

% 

have : 

t= 461 -l-t" F. for the Fah. scjile. 

T=2737-i-t“C. for the Cent, scale. 

Charles’s law may now be stated thus : 

The volumes of aU perfect gases are proportional to the absolute 
temperatures at which they are measured, provided the pressure 
remains unaltered. 
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Let rj = volume of a given mass of gas at akcohite teiuperatuie Tj. 
l’ 2 =volinne of the same mass at absolute temperature Tj, and 
at the same pressure. 

Then, T, ; 

or, '>■.!= 

r' r* 

or, 

Tj T^» 

This equation is suitable for use in calculations. 


Kx.\mi*le i. One pound weight of air at 0' C. and 14‘7 Ihs. per 
square inch pressure occupies a volume of 12'4 cubic feet. Eind the 
volume of the same M'eigljt of air when the temperature is (Jb'F., 
the pressure being unaltered. 

This question may be worked using the absolute Fall, scale. 

I', = 12'4 cubic feet. 

T, = 32 + 4«l=40:rF. abs. 

T..=(iO + 461=i)2LF. abs. 

IILII2 

T, To 

• y - ^ 

■ r, 

_]2Ax 521 

“ ■ 49:1" 

= 1.3'I cubic feet. 


It is convenient to remember that the volume of one pound 
weight of air under oidinary conditions of atmosplieric prc.ssure 
and temperature is 13 cubic feet nearly. 


Ex.vmple ii. In a certain boiler test it was found that .300 cubic 
feet of air at a pressure of one atmosphere and W) F. temperature 
entered the furnace per lb. of coal bunied. What uill be the weight 
of air admitted per lb. of coal? 

Using tlie approximate number found in Example i. : 


Weight of airl 
per 11). of coal / 



= 2.3 Ihs. 


nearlv. 


Example iii. A room measures .30 feet x. 30 feet x 25 feet. If the 
air in it be heated from 40’ F. to 60° F. wliat percentage of the con- 
tained air will be expelled ? 

r, = .30 X .30 X 25= 37..300 cubic feet. 

T, =461 -1-40 =.30rF. abs. 

T..=46l-i-60 = 52rF. abs. 
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Volume of the original air in the 
room if heatpd to 60° F. = 10 = 


1 >.. 

’’i 

37,500 X 521 


501 

= 3S.997 cubic feet. 

Volume of air expelled =38,907 - 37,500 

= 1497 cubic feet. 

Notice that the volume of air expelled is stated at a tempei atui e 
of 60“ F. 

Percentage ex|)elled = gg-fjg.. x 100 

= 3-8. 

Combination of Boyles and Charles’s laws.--lt has now been 
seen that p is inversely proportional t<( r when t is constant, and 
that v is directly propor- 
tional to T when p is con- 
stant. A law must now be 
found which applies when 
all three conditions, r, t, 
vary simultaneously. Such 
a law iniffht be written 
down at once from the 
algebraic rules of variation, 
but we proceed to find it 
in the following manner. 

Let a mass of gas be in- 
closed in a cylinder, Fig. 

44(a), under given conditions p^, r,, t,. Suppose first that p^ and 

are changed at constant temperature t, until a pressure of /)« 
and a volume v are obtained. 

Applying Boyle’s law _ 


p, 


1 



ji u. 


M 1 



0 . , 


jm 



1 

r. 


u 

r, 


^2 


a 


b 


fio. 44.— Uiapnvm sthnwing changes occur 
ring in the pressure^ volume, and temperature 
of a gas. 


( 1 ) 

Pi 

The gas will now be as shown at (b) in Fig. 44. 

Now change tlie temperature from t, to t. kee|)ing the pressure 
constant at p^ The volume will change from v to r. as shown at 
(c) in Fig. 44. 
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Applying Charles’s law 


VoT, 

T., 


( 2 ) 


or 


The results obtained in (1) and (2) being now equated, we obtain 

Pi T.’ 

, (3) 

Tj T»> 

Evidently had the conditions been varied simultaneously instead 
of in the step by step manner adopted above, we should have 
obtained the same result. 

Writing it in the proportional form : 

Pl^i • ’’’ 2 ' (^) 

which may be stated thus : Wiien any operation is performed on a 
given mass of gas involving changes in the pressure, volume and 
temperature, the product of the absolute pressure and the volume is 
proportional to the absolute temperature. 

The law so found may also be written 

pv=a, constant xt. 

Writing c for the constant, 

;>r=tT (5) 

This equation is sometimes called tlie characteristic equation of 
a gas. It will be remembered that in this form it must not be 
applied to vapours which do not obey Boyle’s and Charles’s laws. 

Equation for air.— In finding the chai-acteristic equation, it is 
customary to measure the pressure in lbs. per square foot, the 
volume is taken as that occupied by one lb. weight of the gas at 
some temperature t. For air, we may take 
/■'=14-7 X 144 = 2,116 lb.s. per square foot. 
r=12‘4 cubic feet at 32’ F. and pressure 14 7 lbs. per square inch. 
7=461+32 = 493’ F. abs. 

PV^CT. 

_PV 


2116xl2-4 

493 

=53-2. 
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The characteristic equation for air is, therefoi-e, 

/ J»r=53'2r. 

' Isothermal and adiabatic expansion —A gas expanding or 
being compressed at constant temperature, is said to do so isotlier- 
maUy, that is, at equal or constant temperature. Any operation 
conducted at constant temperature is said to be an isothermal 
operation. A curve such as is plotted in Fig. 41 in illustration of 
Boyle’s law (where the temperature is kept constant) is called an 

iBothermal curve. 

A gas expanding or being compressed in such a manner that no 
heat is allowed to enter it or escape from it while the operation is 
being conducted is said to be undergoing adiabatic expansion or 
adiabatic compression. Such an operation may be imagined if 
conducted iu a cylinder, the walls and piston of which lia\’e no 
capacity for heat, i.e. are unable to absorb any lieat, and are 
also perfect non-conductors. Needless to say, such a cylinder 
cannot be constructed, and consequently sucli expansion cannot be 
realised in a cylinder. A near approach to adiabatic expansion is 
obtained when steam is allowed to flow freely tlirough a nozzle, 
expanding as it does so (p. 319). 

An isothermal operation may be imagined in the following 
manner. Suppose we have a mass of air inclosed in a cylinder 
the walls of which are good conductor. Maintain the temperature 
of the room constant throughout, and allow the piston to move out 
very slowly, taking, say a day or a week, to perform a stroke of 
one foot length. There is thus plenty of time for heat to flow 
through the cylinder walls and so maintain the temperature of 
the inclosed air constantly at that of the air in the room. 

1/ Relation of pressure and temperature in a gas.— Taking 
equation (3) above (p. 54), ^ 

Ti Tj 

and put thus causing the pres.sui’e and temperature to 

change at constant volume. This will give the law 

or, 

That is, the pressure of a perfect gas is directly proportional to the 
absolute temperature, the volume being kept constant 
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Specific heats of a gas.- In Fig. 45 is shown a cylinder fitted 
with a piston which may be loaded to produce any constant 

pressure on the gas. Application of heat to the gas 
will produce two effects, 

i. The gas will have its temperature raised. 

ii. It will expand, driving the piston upwards, and 
thus do work against the resistance of the applied 
pressure. 

Now allow the gas to return to its original condi* 
tions ; then fix the piston, and apply heat so as to 
raise the temperature of the gas to the same extent 
as before. ThU latter operation being conducted at 
constant volume, and the piston not moving, no work is done 
against the applied pressure. In the first case, sufficient heat 
must be given to raise the temperature of the gas, and in 
addition an amount of heat equivalent to the external mechanical 
work done against the resistance. In the second case, only an 
amount of heat sufficient to raise the temperature of the gas need 



be imparted. 

It follows therefore that the specific heat of a gas at constant 
pressure is greater than the specific beat of the same gas at constant 
volume. The sj)ecific heat of air at constant pressure is 0-238, and 
at constant volume is 0-169. Thus, to raise the teinperatuie of 
1 lb. weight of air through T F. requires 0-238 b.t.u. at constant 
pressure, and 0-169 b.t.u. at constant volume. ^ 


EXERCISES ON CHAPTER IV. 

1. Distinguish between a perfect gas and a vapour; also between 
the gauge pressure and absolute pressure of a gas. 

2. State Bovles law. Under what conditions is Boyle's law followed 
l)y a gas ? 

3. A machine for compressing air takes in 4 cubic feet from the 
atmosphere at a pressure of J4'7 lbs. i)er sejuare inch absolute, and 
compresses it to a pressure of 100 lbs. per square inch as shown by the 

S e. Assuming the temperature to remain constant, calculate the 
volume. Draw a curve showing the changes of pressure aiK. 

volume. 

4 A bicycle tyre has a capacity of 150 cubic inches when fvilly 
inflated, tlie pressure being then 25 lbs. per square inch by gauge. 
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Supposing the tyre to be quite flat at first, calculate wliat volume of 
atmospheric air must be used in order to inflate it. 

5. State Charles’s law. Explain the reason for using an absolute 
scale of temperature in applying this law. 

6. A boiler chimney is 80 feet high and has internal dimensions 
2 feet X 2 feet square. Suppose the temperature of the gases inside to 
be 500® F.; caleulale what volume the contents of the ehimney would 
occupy if the temperature were reduced to 60® F. witliout cliange in 
pressure. 

7. A cylinder fitted with a piston contains at a certain instant 
6 cubic feet of gas at 15 lbs. per square inch ah.solutc and 15® C. 
Operations are being conducted on the gas involvitig clianges in 
pressure, volume and temperature, the weight of gas present being 
kept constant. At another instant, the pressure is found to he 150 lbs. 
per square inch absolute and the volume 2‘5 cubic feet. Calculate the 
temperature at this instant. 


CHAPTER V. 

PROPEETIES OF STEAM. 

Water.— Water is a chemical compound of hydrogen and 
oxygen. Tliis fact may be shown by mixing together two 
volumes of liydrogcn gas with one volume of oxygen gas and 
exploding them. The gases do not unite until the mixture is 
ignited, when an explosion occurs ; the hydrogen and oxygen 
unite, forming a compound which cannot be separated into its 
constituents by simple mechanical means. This compound is water 
vapour, i.e. steam, which on cooling condense.^ into ordinaiy water. 
As the experiment is dangerous, the student is recommended not 
to carry it out hinf.self. 

States of water.— Water may exist in tlie solid state as ice, in 
the li(juid state as ordinary water, as a vapour— ordinary steam, 
and as a perfect gas if the vapour be raised to a moderately high 
temperature at constant pressure. Further elevation of the 
temperature causes the hydrogen and oxygen to dissociate, that is, 
the molecules of hydrogen and oxygen part company, remaining as 
a mixture of these two gases until the temperature falls some- 
wliat, when they reunite to form steam. 

To cause water to pass successively through the states in the 
order named, requires beat to be imparted ; and. similarly, heat 
must be abstracted if changes in the reverse order are to be 
effected. 

Sensible heat.— It has already been seen that to raise the 
temperature of one pound of water through 1° F. requires 1 b.t.u. 
Heat impai'ted to a substance which produces a rise of temperature 
is called sensible heat. The fact that sensible heat is entering a 
substance will, of course, be always rendered evident by a thermO' 
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meter. It is customary to reckou the sensible beat of water from 
32* F. To raise the temperature of one pound of water from 
32* F. to 212* F. requires 180'5 b.t.u., whicli number therefore 
wives the sensible heat of water at 212* F. Notice tliat the sensible 
heat of water' at 212“ F. would be (212-32)=180 R.T.U. if the 
specific heat of water were unity at all temperatures, but owing to 
slight variations in the specific heat the number stated is more 
accurate. We may assume for oi-dinary calculations that tlie 
specific heat of water does remain constant, in wliich case tlie 
sensible heat, h, required to raise the temperature of w lb.s. of 
water from a temperature F. to a temperature F. will be 

found from in bt.u. 

* 

If greater accuracy be required, the table giving values cf h 
{p. 454) may be consulted. 

Latent heat.— In testing the fixed points of a thermometer, 
the student has noticed that the tliermometer remains steady 
throughout the melting of ice and the boiling of water, in spite of 
the fact that heat is being continually imparted to these sub- 
stances. The conclusion arrived at U that heat must be imparted 
to cause water to change its sUite from solid to liquid or fiom 
liquid to gaseous. Heat imparted to a substance and producing a 
change of state without change of temperature is caUed Latent Heat. 
If the change of state is from gaseous to liquid, or from liquid 
to solid, latent heat must be abstracted from tbe substance. 

Expt. 14.— Weigh a copper calorimeter and pour in about h giillon of 
water at a temperature of about 100* F. Weigh again and find the 
exact weight of the water by subtraction. Take a piece of ice 
weighing about J lb. Wipe any water from its surface, take tlie 
temperature F. of the water in the calorimeter and plunge in the ice. 
Keep stirring until the ice is melted and note the temperature C F. at 
the instant the last piece of ice disappears. Weigh again and subtract 
from the total weight that of the calorimeter and of tlie water originally 
in it, obtaining w, the M’eight of ice which 1ms been melted. 

Assuming that the heat abstracted from the original water has 
been used altogether 

(a) in changing the state of the ice from solid to liquid ; 

(h) in elevating the temperature of the resulting water from 
freezing point to fg* F. j 
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we have, calling the latent heat of 1 lb. of ice I, in b.t.u. 

ir(^i - ^ 2 ) = - 32') ; 

, ir(/,-^)-«r(A,-32“) 

• • V ^ • 

xc 

Careful experiments show that the latent heat of 1 lb. of ice is 
144 B.T.r. Compare this with your experimental result. Do they 
agree fairly closely if the water equivalent of the calorimeter be 

taken into account? If not, how do 
you explain the discrepancy ? 



Kxpt. 13.— Arrange the apparatus a.s 
shown in Fig. 46. .4 is a copper vessel 
alKuit 5" diameter X 9" high, serving as a 
l)oiler. Steam is taken from it by means 
of a glass tube B, about bore, con- 
necteil to the boiler by means of a cork. 
B is best made in two pieces connected 
Fir. 4().— Apranitus for deter- at C by a piece of rubber tube al)Out 

T long. T1 ,c stem is discharged into 
a calorimeter D containing a known 
weight of water, and is condensed there, its latent heat and part of 
its sensible heat being given up to the water. 

To measure the laUmt heat of steam at a pressure equal to that of 
the atmosphere by means of this apparatus requires the following 
quantities to be known : 

ir= weight of water originally in the calorimeter. 

ir= weight of steam condensed. 

fi=original temperature of the water IF. 

f.j=final temperature of the mixture consisting of II' and tv. 

The water equivalent of the calorimeter. 


First make a preliminary experiment. Bring the water in A to 
Iwiling temperature ; and after a minute or two, when steam is being 
given off freely, take the temperature fj of the water in Z), and then 
immerse the open end of the tube B in the water in Z), noting the 
time as you do so. A crackling noise W'ill be heard proceeding from 
D, due to bubbles of steam issuing from H and instantly collapsing 
on coming into contact witli the cold water. hilc the experiment 
is going on for 10 minutes or so you may observe the following points. 
Closely examine the gla-ss tube, when you will observe a film of water 
covering its inner surface and travelling towards D to be discharged 
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finally into the calorimeter. Notice also that if the boiler be strongly 
heated so that the ebullition is violent, a considerable quantity of water 
may enter the tube from the boiler. This effect will be magnified if 
there is too much water in the boiler, thus restricting the volume in 
the boiler available for steam space. 

Now it is evident that any water of condensation cnteiing the 
calorimeter has already given up its latent heat to some body otlier 
than the water in tlie calorimeter, but as it will still be hot water at 
a temperature not much below 212* F., it will give up sensible heat to 
the water in the calorimeter. It uould be an advantage if only dry 
steam, i.e. ste.am containing no suspended water entered the calori* 
meter, as then no correction for water carried over need he applied. 
We may approximate to this by using tlic 
following precautions: 

(a) Violent ebullition and too restricted 
steam space cause priming, that is, a large 
quantity of water pas.scs into tlie steam pipe 
fn)m the boiler. Remedy— let the water boil 
quietly, reducing the flame if necessary, and 
do nut have too mucli water in the boiler. 

(fq Condeiisixlion takes place in the connect- 
ing pipe, which may be reduced by covering 
the pipe witli strips of flannel. 

(c) Anv water now finding its way along 
the vipc'may 1« separated from tl.o atom fry 
means of a separator. A simple form of thesUam. 
separator may be arranged as in Fig. 47, 
where ^ is a small bottle fitted M’ith a rubber stopper having two lioles 
for receiving glass tubes. li is the tube coming from the boiler, and 
ivaches about half-way down the bottle. B' is a tube connecting the 
separator to the calorimeter D; this tube terminates immediately on 
passing through the rubber stopper. Water coming along B will be 
deposited in the separator and very nearly dry steam will now be 
discharged into the calorimeter. 

Returning to the preliminary experiment, when the temperature of 
the water in the calorimeter has been raised 20* or 30*F., remove the 
supply tube, again noting the time, observe the temperature U of the 
mixture in the calorimeter, and weigh the w’hole ; deduct from this 
weight that of the calorimeter and of the water originally in it, the 
result being tne weight of stuff w which has coroe from the boiler os a 
mixture of water and steam. 

I 
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CalliDg the latent heat of 1 lb. of steam i, and neglecting mean- 
while the water carried over, we may calculate L on the assumption 
that, as the weight w ha.s parted with latent heat and with sensible 
heat in cooling from 212'“ F. to the final temperature U., the sum of 
these quantities of heat will be equal to that acquired by the water 
originally in the calorimeter. Hence the equations : 

tt:Z+tr(212’-i2)= 11^2-0 0) 


w 



The true result is about 967 b.t.u. Equation (2) will be found to 
give a result very ditferent from this. Apply corrections to 

equation (1) as follows: (a) 



Fio. 48.-Estimf»tion of the quantity of water 
carried with the steani. 


add to ir, on the right hand 
side, the water equivalent of 
the calorimeter. Calling this 
e, the right hand side now 
becomes 

ih) To correct for water 
carried over, allow the boiler 
to discharge steam from the 
open end of into the atmos- 
phere, raising the outer end 


of B for this purpose (Fig. 48). A beaker F will receive the drops 
of water carried over, the steam being blown off clear of the beaker. 
Allow this to go on during the same interval of time as the first 
experiment lasted, and it may be assumed that the weight of water 
collected is the same as that which has been carried into the calori- 
meter as water of condensation during the first experiment. Let 
thi.s weight be called av, then of the whole weight w of stuff coming 
from the boiler, Wc is water and (w-ifc) is steam. The left-hand 


side of equation (1) now becomes 

(w— ir,.)i + M’(212 


and the corrected equation will now be 

{w - w.) L -b «i(21 2* - to) = ( ir-p e){t^ - f ,) (3) 

. (4) 

W-Wf 


Compare the result for L as found from equation (4) with the 
true result 967 b.t.u. There should now be no serious difference. 
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EXPT 16.— Taking the precautions noted above regarding priming, 
covering the pipe and 6tting a separator, repeat the experiment, making 
correotions for the water equivalent of the calorimeter and for any 
water carried past tlie separator, and compare the result with that 
found in the foregoing experiment. 

Saturated and superheated steain.-When water i.s heated, 
boiling does not occur until a certain temperature is atUiined, 
depending on the pressure to wliich the water is subjected. Steam 
in contact with the water from wliich it has been formed is said 
to be saturated steam. Saturated steam at a given pressure can 
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Flfi. 49.— Apparatus for showing the teini>eratur« of superheated steam. 

only exist at one temperature. Abstraction of heat from satuitited 
steam does not produce a lowering of the temperature, but cause.s 
some of the steam to condense into water. Addition of heat to 
saturated steam, provided the pressure is maintained constant and 
no water is present, produces a rise in the tempeiature. The steam 
is no longer saturated steam, but is said to be superheated. 

Superheated steam at a given pressure can exist at any tempera* 
ture higher than the boiling temperature corresponding to tliat 
pressure. Saturated steam is a vapour, the pres.sure and tempera- 
ture of which follow no simple law. Superheated steam behaves 
more and more like a jwrfect gas as its temperature is raised. 

Exit. 17.— Fig. 49 shows a small copper boiler A, fitted with a cork 
having two holes, one of which serves for the insertion of a thermo- 
meter E, and from the other is led a copper tube B, having a popket 

* 
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fin mcd near its outer end for the insertion of a thermometer F. D is a 
row of gas jets hy means of which the tube B may be strongly heated. 
Put some water into the l)oiler and heat it. When steam has been 
oiven off freely for a few minutes read l)Oth tlierinometers. The 
pressure being practically atmospheric, both thermometere will read 
212’ F. Now light the row of gas jets and take readings of the ther- 
mometers. Tlie Vf‘ssure is still atmospheric, and the thermometer in 
tl>e boiler will be found to read 212’ F., but that in the pocket will be 
found to ascend to a temperature much higher than 212’ F. The steam 
in the boiler is saturated steam at atmospheric pressure, that being 
discharged from the outer end of the tube is superheated steam at 

atmospheric pressure. 


Pressure and temperature of saturated steam.-Experimentai 
data due to Regnault show that the pressure and temperature ot 
Kiturated steam are not simply proportional to one another. A 
Table showing corresponding values of these will be found on p. 454. 
Fi om this Table it may be sect* by plotting corresponding values of 
p and t (Fig. 51), that the pressure rises rapidly as the tejnperaturc 
increases. The relation cannot be deduced from first principles, 
but may be approximately presented by an empirical formula, ie. 
one contrived so as to agree closely with the experimental data, 
Rankine's formula i.s : ^ 

logi(,/) = 6T007-^-;^, 


^=pressure in lbs. per square inch, 
T=absolute temperature Centigrade, 


log,of?=3T812, 
log, oC= 5-0881. 

Tills formula may be used, in the absence of a Table, to calculate 
corresponding values of p and t. 

Examvlk. Wliat will be the pressure of saturated steam at a tem- 
perature of 200' C. ? t=(200+273-7); log,oT=2-6755. 

log,o(-^)=3 1812-2-675r) 

=0-5057 ; 

-=3-204. 

T 

log(^)=5-0881 -2 x 2-6755 

=1-7371; 
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p=0-5459. 

Iogiop=6i007 - 3'204 - 0-545!) 

=2-3508 ; 

p= 224-3 lbs. ptTSciuarc inch. 

The tabular number will be 
found to be 225'9 lbs. per 
square inch, showing an error 
iu the calculated result of 
about 0-7 per cent. It will be 
found better to use the Tables 
where possible. Any pressure 
intermediate to those given in 
the Table, p. 455, may be found 
readily by plotting the tem- 
neratures and pressures nearest 
to the given tempei-ature. 

E-XPr. 18. To obtain the i-ck- 
tion of pressure and tcmperatui'e 
of saturated steam, the apparatus 
illustrated in Fig. 50 Mill be 
found useful. To use it a supply 
of steam from a steam boiler must 
be available. A is a strongly 
made vessel constructed of solid 
drawn brass tube about 4" dia- 
meter, having brass flanges brazed 
on and brass covers bolted to 
the flanges. B k & coil made of 

copper tube. Steam from the 
boiler enters the coil through a 
regulating valve C, and is dis- 
charged through another valve 
B. Distilled M-ater is poured 



into A through a valve H in quantity sufficient to cover the coil. E 
is a thermometer pocket, containing a tliermometer F. 0 is a steam 


pressure gauge. 

Open valves C and D slightly, wlicn the w-ater in the vessel M-ill bo 

quickly heated by tlie heat coming from the steam condensed in the 

coil The valve H ought to be left full open so as to get del of air. 
D*S K 
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When steam is being freely discliarged through H, close H, when the 
pressure of the steam will rise as shown by the gauge G, the temperature 
for different pressui-cs Iwing indicated by t)ie tlicrmometer F. It will 
be found impossible to obtain a pressure of steam in this apparatus 
higher than that in the steam boiler, hence the advantage over the 
ordinary experimental l>oiler heated by gas jets, in which dangerous 
pressures may be attained tlirough careless use and safety valves 
w’hich stick. The api)aratus may be used for pressures up to 100 lbs. 
per square inch. 



Fio. 51.— Curve sLowiug the relation of p and I for saturated sleain- 
Read pressures and corrcsjwnding temperatures throughout the 
possible range and tabulate : 


Pressure 

)b9. 

per sqiiai’C inch. 

Tcmpcratuio 

frotn 

experiment 

TcQHH.*rature 

from 

Table {p. 454). 

Error. 


1 




Plot columns 1 and 2, and also 1 and 3, and compare the resulting cun’es. 
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Pressure and volume of saturated steam.— 'I'liis relation again 
does not follow any simple law. Various empirical foraiulae have 
been devised to show the i-elation, two of which are here quoted : 

Eankine’s formula, /)r^*=479 ; 

Zeuner’s formula, p r‘^'“=479. 

Where p=pressure in lbs. per square inch, 

r=volume in cubic feet per pound weight of steam. 

Tlie formulae difler only in the inde.\ of the power to which Tis 
raised. • 



Fiq. 62.— Cur?e showing the relation of p and pfor dry &ituratcd steam. 


Direct experiments on the volume occupied by one pound of 
saturated steam at a given pressure are not easily performed, and 
can never be said to be strictly accurate. Plotting pressure and 
volume from the data in the Table (p. 454), as shown in Fig. 52, it 
will be seen that the curve somewhat resembles that representing 
Boyle’s law (Fig. 41). 

The student should now plot, on a large sheet of squared paper, 
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■p and i, and also p and i\ both curves being drawn on the same 
slieet and preserved for future reference. 

Latent heat of steam.— One pound of steam possesses a latent 
heat of 967 b.t.u. only wlien formed at a pressure of one atmosphere. 
For each degree Fahrenlieit of increase in temperature above 212'’ F. 
at which boiling oceui“s, it is found that tlie latent lieat is diminished 
by O'Cho B.T.r., and is increased by the sjune amount for each degree 
Fahrenheit below 212’ F. 


FAH.UNITS 



Fic. 53.— Curves sliowing //. L and h with tcaipenitiire for dry saturated steam. 

A formula to represent this would be 

/., = 967-0-695(/’ F.-212) 

= 967-0-69o<’ F. + 147 
= 1114-0-69or F., 

where Z, = iatent heat in b.t.u. of the pound of steam formed at 
t Y. 

Tiie formula may be modified to suit other scales of temperature. 
Thus: 4 = 606-5 -0-695 C. in which the latent-heat is stated in 
Ib.-degree-Ceut. units of heat. 

Total heat of steam. — Regnault's total heat of steam is defined 
as the total heat (sensible and latent), which must be imparted to 
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one pound of water at freezing temperature in order to convert it into 
saturated steam at any given temperature. 

Let H= total heat of steam. 

/<= sensible heat, 
latent heat. 

Then H=h^-L. 

Putting Z=(1114-0-69of’F.). 

uAf F. - 32*) +(1114- 0-G9.V’ F.) = 1 0B2 + 0-305t’ F. 



Fio. M.^Curves showing //^ Zand h with pressure for dry saturated steaiin 


This e(iuation may be used to calculate values of //. It may be 
modified to express the result in Ib.-degree-Cent. units, thus giving 

5'=606-5 +0-305f*C. 

Values of L and k will be found in the Table, p. 454. Taking 
these values, plot Z, A and temperatures ; also plot tlie same 
quantities and pressures, putting each set of three curves on a large 
sheet of squared paper. The curves will resemble those shown in 
Figs. 53 and 54, and should be preserved for future reference. 

It should be noted that H, L and A give straight lines wli^n 
plotted with temperatures, and that the value of H thi*oughout the 
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ninge alters very little comparatively. When plotted with 
pressures it will be noticed that all three change rapidly at low 
pressures and tend to take up a more uniform rate of change as 
the pressure increases. 

Limitations of steam tables.— Steam tables usually terra:natc 
at a pressure of 300 lbs. per square inch. Tables which go beyond 
a pressure of 350 lbs. per square inch, corresponding to a tempera- 
ture of 432° F., are not trustworthy if the quantities beyond these 
limits have been calculated from empirical formulae such as those 
given above. 

Water expands on being heated, and, as the temperature at which 
the generation of steam begins is incr«ised, the volume of steam 
from H given weight of water diminishes. It follows, therefore, 
that a point will be reached where the volume of the steam will be 
equal to the volume of the water ; at this point steam and water 
cannot be distinguished from each otlier, and the latent beat 
becomes zero. The temperature at which this occure lies in 
the region of from 365° to 370° C, and is known as the critical 
temperature. 

The subject of high steam piessures is becoming of increasing 
importance. De Laval has already used steam at a pre.ssure of 
from 1500 to 1700 lbs. per square inch in his steam turbines, and 
has experimented with even liigher pressure steam. Such pressures 
are not likely to be employed in the ordinary reciprocating engine. 
Some results obtained by the Laval Steam Turbine Co.' are here 
given : 


There is room for a great amount of further experimental work 
in connection with the properties of high pressure steam. 


Temp. 

Fall, degrees. 

Pressure 
)bs. per sq. inch. 

417-2 

284-5 

497-2 

711-2 

.■j93-6 

1422-3 

651-2 

21.33-5 

698-0 

2844-6 


'See Article, “Steam at high pressures,” Enginceritfgjtin. 4tb and 11th, 1907. 
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Heat reauired to form superheated steam.— Tins amount of 
heat may be roughly calculated on the assumption that the specilic 
heat of superheated steam is constant, and equal to 0-48. Proceed 
thus ; Calculate first the total heat of saturated steam at the given 
pressure from i/=1062+0'305i°F. 

f being the temperature of boiling con-esponding to the given 
pressure. 

Let ?,=the temperature Falirenheit at which it is desired the 
steam to be. 

Heat required to superheat the steam from C F. to F. will he 
given by 

Total heat required in b.t.u. = // +O48(t,-0 

= 1082+0-305<*+0-48(r.-0 
= 10.'^2-0-17;)r+0'48^ 

Captain H. Riall Sankey’ states that for practical purposes the 
specific heat of steam at constant pressure may he taken as O b, 
and at constant volume 0‘46, 
and uses these numbers as 
being the most trustw'orthy yet 
obtained. Using 0 6 instead of 
the older number given above, 
we obtain for the total heat 
required to produce superheated 
steam at constant pressure 

/r+o-6(^-o. 

Formation of steam at con- 
stant pressure.— Fig. 55, o, 
shows a cylinder fitted with a 
piston which may be loaded to 
any desired extent. One pound of water is contained in the 
cylinder, the piston exerting a constant prc.ssure p lbs. per square 
inch on it. Let the area of the piston be 1 square foot. Since the 
volume of 1 lb. of water is 0'017 cubic foot, the length of cylinder 
occupied by the water will be 0'017 foot. Suppose that the water 
is already at the boiling temperature corresponding to /), and ' 
that the latent heat required to form steam at this temperature 



Fio. 55.— Diagram showing the formation 
of steam at constant procure. 


' See 2'Ae Energy Chari, Capt. Sankey (Frost & Sods, Rugby). 
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is supplied to it. The volume will thereby be increased to T cubic 
feet = volume occupied by one pound of steam at the given pressure 
p ; the piston will rise to accommodate this increased volume, which 
will evidently occupy a length I'feet of the cylinder (Fig. 55, b). 

Two things have occurred in this process, (a) the state has been 
changed from liquid to gaseous, (b) external work has been done 
against the resistance and both are due to the latent heat 
supj)lied. Tlic external work done may be easily calculated. 

Total pressure on piston = 144p lbs. 

Distance through which piston is moved=( r-0'017) feet. 

External work done = 144^( I'-OOn) foot-lbs. 

It is usually sufficiently accurate to neglect the volume of one 
pound of water, and doing this, we may write 

External work done =144/>r foot-lbs. 

units. 

if 


This expression gives the portion of the latent heat supplied 
which has been transformed into mechanical woi k. Tlie remainder 
of the heat energy supplied, viz. 

t 

L- 


( 


144/) I \ ^inits 


) 


reinain.s as internal energy in the stejiin. The total internal energy, 
or intrinsic energy of the steam is defined as the total heat of 
formation II diminished by the heat required to perform external 


work. 

AVriting / for the intrinsic energy, 

7=//- — V — heat units. 


EXERCISES ON CHAPTER V. 

1. Explain the terms “sensible heat,” “latent heat,” and “total 
heat of steam.” 

2. Using the Table, p. 454, plot pressure and temperature of 
saturated steam. State in general terms how the pressure vanes with 
the temperature. 

3. Plot pressure and volume of dry saturated steam, using the 
Table, p. 454. Beginning at a point near tlie top of the curve, plot ou 
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the same sheet a curve to represent Boyle's law. 
clearly in the diagram and contrast them. 

4. Using the empirical formula 

logioP=6 1007-^-?. 


Mark the curves 


calculate the pressure of saturated steam corre.snonding to a tenijx-ra- 
tme of 300° F. Compare your result with the tabular result (p. 454). 

V 8- Using the empirical formula 

prli=479, 

calculate the volume occupietl by one pound weight of dry saturated 
steam at a pressure of 100 ll»s. per sq. inch absolute. Compare your 
answer witli the tabular number, p. 454. 

s 6. Calculate the latent and total heats of dry .saturated steam at a 
temperature of 300' F. Use tlic empirical formulae 

i,=iii4-o-a9r)rF. 

//= 108-2 + 0-30:)rF. 

Compare your results with those given in the Tabic, p. 454. 

'• 7. Taking the specific heat of superheated steam to be O-fi at 
I constant pressure, how much heat must be supplied jkt hour to dry 
saturated steam at 100 lbs. per square inch absolute in order to super- 
heat it to 450° F.? The weight of steam to be treated per hour is 
2000 lbs. 


4 


8. Distinguish between the internal and external u ork done during 
the formation of dry saturated stcani at constant piessure. 

V 9. Taking the quantities rcquiied fi-om the Tabic, p. 454, calculate 
now much heat must he ahsUacted from 100 lbs. weight of dry 
saturated steam at 3 lbs. per square inch absolute in order to condense 
and cool it to 130° F. 

10. The water in a tank containing 40 gallons is heated by blowing 
dry saturated steam into the water at a piessure of 30 Ihs. per square 
inch absolute. Suppose the initial temperature of the water to lx; 
60° F., calculate what weight of steam must be used to raise the tem- 
perature to 150° F. Take any quantities you require from the Table, 
p. 454. 

11. What heat must lx? riven to 1 lb. of water at 80° F. to convert 

it into steam at 300° F.? Kegnault’s formula for the tofa/ heat of a 
pound of steam from water at 32° F. l)eing //’=1082-f0-305J where ^F. 
is the temperature of the steam, how many pounds of this steam 
are equiN-alent in tota! heat to the calorific power (15,000 units of heat) 
of a jwund of coal ? 1 898. 

^ 12. A formula for Regnault's total heat H will be found in the 
Tables, p. 452 ; it is the total heat which must l)e given to 1 lb. of u-ater 
at 0° C. to raise its temperature as water to ^ C. , and then to convert 
it all into steam at «°C. What is the heat which must be given to 
1 lb. of water at 40° C. to convert it into steam at 170° C. ? 1906. 
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13. With ft ^mall experimental boiler you arc finding the pressure of 
steam when its temperature is, say, lOO'C., 110° 0., 120°C., etc. 
Sliow, -with sketches, exactly liow j’ou would proceed. In what way 
does the presence of air with the steam spoil your results? 1906, 


CHAPTEK VI. 


the diagram of work. 

Work.— A force is said to be doing work when it acts through 
a distance, overcoming resistance. Work is measured by the 
product of the magnitude of the force and the distance through 
^Ybich it acts, the latter being measm-ed along, or parallel to, the 
line of action of the force. The unit of work generally used in this 
country is the foot-pound, and is that quantity of work which is done 
when a force of one pound acts through a distance of one foot in its 
line of utioa 

'TJther units occasionally used are the inch-ton and the foot-ton; 
these are sufficiently defined by their names. 

In the metric system, the erg is the unit of work, and is 
performed when a force of one dyne acts through a distance of 
one centimetre. As this represents a very small quantity of work, 
engineers find it more convenient to use the metre-kilograin, which 
is the work done when a force equal to the weight of one kilogram 
acts through a distance of one metre. 

Afoot-pound of work is equivalent to l‘3562xl0^ ergs. A 
metre-kilogram is equivalent to 7’235 foot-pounds. 

Example, Supposing a uniform force of 10,200 lbs. to act on the 
piston of a steam engine, the stroke of which is 2 feet, calculate the 
work done per stroke. 

Work done = force x distance 
=10,200x2 
= 20,400 foot-lbs. 

Pow^.->?ower is the name given to the rate of performing 
work. The unit of power used generally in this country is the 
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horse-power, and is the rate of doing work such that 33,000 foot-lbs. 
are performed in one minute. This unit was defined by Jame.s 
Watt ; it is really about 50 per cent, greater than the i-ate of 
working of an average horse. The horse power developed in any 
given a\se is ascertained by firet calculating the work done per 
minute, in foot-pounds, and then dividing the result by 33,000. 

Example. In the last example (p. 75), the piston makes 240 strokes 
per minute. Calculate the horse-iwwer. 

^Vork done per stroke =20,400 foot-lbs. 

Work done per minute =20,400x240 

=4,896,000 foot-lbe. 

4,896,000 
Horse power =- 33 ^ 

= 148-4. 

Grapliic representation of work.— Since work is measured by 
the product of two quantities, force and distance, we may represent 



Fio. 50.— Diaprain of work done by Fio. 57.— DujnTun of work done by 
a uniform force. a force varying in steps. 


it by an area. Tlius, supposing a uniform force P lbs. to act on 
the piston of an engine, the stroke of which is L feet, the work 
done will haP'x.L foot-lbs. Set off L t« scale in a diagram 
(Fig. 56), and erect ordinates to repiesent P to some convenient 
scale. These ordinates will be of constant height as P is supposed 
to be uniform. The result is a rectangular diagram of area equal 
to Py.Ly which therefore represents tlie work done in this special 
case of steam when used non-expansively. 
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In the case of a varying force, we may first imagine tlie force to 
remain constant in magnitude for short distances. Thus, in 
Fig. 57, l\ P‘,, etc., are supposed to be uniform over the sl)oi t 
distances ab, be, etc., into wliicli the length of the diagram i.s 
divided 


Work done by 


/', = X (il > ; 


„ „ P.^==P^xbc,eh-. 

Now Pi X a?j=areii of the rectangle ahh'a, 

and /'^x5c=area of the rectangle herb', etc. 

Hence the total work done is rej)resented by the sum of the areas 
of the rectangles, i.c. by the area of the wliole figure. 

Had the intervals nb, l>c, etc., been taken .smaller, the pi iiiciple 
would still be true, even in tlie special ease of the interval.s Ijciiig 
so small that the steps in tlie upper 
l»rtion of the diagram become changed 
into a continuous curve as in Fig. 58. 

In this case, also, tlie work done will 
be represented by the area of the 
diagram, which may be found by tak- 
ing the product of its average height 
and its length. The result may be 
stated in foot-pounds by measuring 
the avei-age height by the scale of 
force in pounds and the length I, by 
the scale of feet. The average height so measured may be called 
the average or mean force, and writing tlii.s as P„, in pounds 
we obtain— 



Yui. of work 

lioiic by A continuously varyinj; 
force. 


Work done by a varying foix;e= x L foot-lbs. 

Diagram of work done on tke piston.— In modern steam 
engines, the steam is used expansively in almost all cases. The 
steam is admitted freely to the cylinder during a portion of the 
stroke of the piston, and fe-theu cut otf by the valve closing the 
port, the remainder of the stroke being completed under the action 
of the continually diminishing pressure of the steam as it expands. 
A diagram may be drawn of the work done on the pi.ston, which, 
while it will not show exactly what is occuri-iug, will be found to 
be useful for comiwrison with the true diagram to be described 
later. For this pui-pose it may be assumed that the steam has 
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uniform pressui'e during the adnussion period, and that after 
“cut off” the expansion follows tlie equation which represente 
Boyle’s law for perfect gases, viz. : 

It may also be assumed that the valves open and close very 
quickly so as to make a sharp difference between admission and 

expansion, expansion and ex- 
haust, etc. An example will 
make the method clear. 

Example. An engine lias a 
piston Iff' diameter ami 18" 
stroke. Steam is admitted dur- 
ing one-thiitl of tlie stroke at a 
pressure of 60 lbs. per s<i. inch 
absolute, and is then cut off, tlie 
remainder of the stroke being 
accomplished under the expansive 
action of the steam. Draw a 
diagram showing the work done 
on one side of the piston. 

Draw PV (Fig. 59) of length to 
represent to scale tlie stroke of 18" 



Kio. 50.-l)i.ib'r;im of work done in a 
steam ciiipiic cylinder. 


and take this to be the perfect vacmim line, j.c. the line .««howing zero 
pressure. Draw PA perpendicular to PV and make it of height to 
represent a pressure of 60 lbs. per square inch to scale. Draw A li 
parallel to PV, making Ali equal to onc-third of PV. will to 
represent the admission of steam at constant pressure during one-tlurd 
of tlic stroke. We now proceed to find points on the expansion 


curve. 


Tlie volume of steam in the cylinder at B will be found from 

r, = area of piston x A B. 

The volume at any other point in the stroke will be 

t;=area of piston x distance travelled by piston up to that point. 

Since tlic expression for every volume contains the factor “area 
nf piston,” this may be omitted, and the volume s.mp y taken as 

proportional to the distance travelled by the piston. ^ 

teke the numlKTs 6, 9, 12 and 18 as representing the volumes at 
i, h, i and end of the stroke, shown by B, C, D and E respectnc y 

in Fig. 59. 
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Application of tlie law 
gives 


At J stroke, P 2 = 


_j9,r, _60x6 


V. 


9 


At g stroke, - 

4 . j f X 1 Pi*i 60x6 

At end oi sti*oke, p 4 =<-i— • = 

Vt 10 


=40 Iks. per sq. inch at C. 
= 30 Iks. per sq. inch at D. 
=20 Iks. per sq. ineli at E. 


Plotting these pressures, fi, C, D aiid E will be found, and an even 
curve drawn tluough these will give the expansion curve. 

Since the ordinates in the now completed diagram of work PAJiKY 
represent pressures j)cr squai-e inch, the aj-ca of tho diagram will give 
the M'ork done on the piston per square inch of piston area ; the total 
work may be calculated by multiplying the work done per square inch 
by the area of the piston in square inches. 


Net work done on the piston.— The work done by the steam 
on on© side of the piston is expended partly in overcoming the 
resistance offered by tlie piston 
and partly against the back pres- 
sure exerted on the other side of 
the piston by tlie exhaust steam. 

In the case of a non-condensing 
engine, discharging its steam into 
the atmosphere, the back pressure 
would be about 17 or 18 lbs. per 
square inch absolute : a condensinj; „ 

. , , , , , ® FiQ. 60. -Diapram showing net work 

engine would liave a back pressure done on tho piston. 

of 2 or 3 lbs. per square inch 

absolute. For our present pui jiose, we may suppose these back 
pressures to be maintained uniform throughout the stroke. 

The net work done on the piston per square inch of its area will 
be the difference between the area of the diagram of work PABEV 
(Fig. 59), and the vrork done against tlie back pres.sure. In 
Fig. 60, let PG represent the back prassure to scale. Draw GF 
parallel to PF; then, since the back pressure is supposed uniform, 
the area PGFV will represent the work done in ovei-coming the 
back pressure. The area (7A5.^/’ynll now represent the net work 
done on the piston per square inch of its area. 



^ /////// /// 





STEAM AND OTHER ENGINES. 


bU 


Calculation of net work done on the piston.— Tliis may be 
efl'ected by the following method which is in common use by 
engineers. The average pressure on the piston is given by 
multiplying the avenge height of the diagram OADEF by the 
scale of pressure. Divide GF into ten equal parts and erect an 



Fio. 01.— Diagriin showing a inclhod of estimating the mean pressure. 


ordinate at the iuiddle of each part (Fig. 61). Measure the heights 
.,f these ordinates, take their sum, and divide by 10. The heights 
liave been measured in Fig. 61 by use of a scale of pressures. 

Let j 5 n,=average pressure, as found from the diagram, in lbs. per 
square inch. 

i=length of stroke in feet. 

.1 =area of piston, square inches. 

Then 

Work done per stroke=/>,„ x A x foot-lbs. 

Fi<'. 61 shows the measurements and calculations giving pm for 
data as in the e.xample, p.*^, a back pressure of 17 lbs. per square 
inch being assumed. Hence, in the example giten 
Work done per stroke = 24'95 x ,8’54x 1 5 

= 2939 foot-lbs. 
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Equation for mean pressure.— In place of determining the 
mean pressure from a diagram drawn carefully to seale as shown 
above, engineers often use the equation 
\ /l+log<r\ _ 

In this equation 
pj=absolute pressure of steam supplied, in Ihs. per square inch, 
pj=the absolute back pressure, in lbs. per square inch, 
p,„=tlie net average pressure, in lbs. per stjuare inch. 

The quantity denoted by r is called the ratio of expansion, and is 
calculated by dividing the volume of steam in the cylinder at the end 
of the stroke by the volume of steam in the cylinder at the point of 
cut off. The quantity log<r is the hyperbolic logarithm of the ratio 
of expansion ; values of these l<»ganthms are given in the Table on 
p. 453. 


Example. Let 

p,=(iO lbs. per squaie incli absolute, 

^6 = 17 ,1 ,» >> n 

r= 3 

log«r= I'OOSb (from the Table). 

Then 



=24‘ft7 ll)s. per square inch. 

For the same data, the result found from the diagram is 24 95, as 
shown in Fig. 61. Owing to unavoidable inaccuracies in drawing 
and measurement, the result as obtained from the diagram differa 
slightly from the more accurate result found from the equation. 

The diagram in Fig. 61 has been constructed witli the omission 

of several considerations which modify its sliape. Such a diagram 

is never obtained in practice from any steam engine. Engineers 

give the name hypothetical digram to Fig. 61 to distinguish it 

from the more correct diagram which we now proceed to discuss. 
i>.s. F 
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Reference is made to Fig. 62, in which tlio hypothetical parts of 
the diagram are shown dotted. 

Admission. — It is cu.stomary to arrange the valve in such a 
manner that steam is admitted to the cylinder a little before the 
end of the exhaust stroke. The object of doing so is to provide a 
plentiful supply of steam in the cylinder when the piston is ready 



Fio. 62.— Comparison of the probable and hypothetical dingrains of work. 


to begin the stroke. This may produce a line aA, not quite 
vertical. 

Throttling and wiredrawing.— As the piston moves along the 
cylinder from the commencement of the stroke, it gradjaally 
increases its speed. The rate at which the steam must flow into 
the cylinder will therefore continually increase, and, if the passages 
are restricted in area, the steam may be throttled, i.e. not able to 
flow into the cylinder quickly enough to follow up the piston, vith 
a consequent gradual fall of pressure. The effect is shown by the 
gradually falling line Ac in Fig. 62. Further, the valve always 
closes more or less slowly, ^yith the result of increasing the drop in 
pressure near the corner R Tlie steam near the point of cut off 
has to pass through the very small and continually 
opening left by the valve and is said to be wiredrawn. The effect 


THE PROBABLE DIAGRAM OF WORK. 


S3 


is shown by the rounded corner cd in Fig. 62. To produce a aliarp 
corner at B would require an instantaneous closing of the valve' 
from full open to full shut. 

Expansion.— The actual e.xpansion law followed by the steam i.s 
very complex owing to the action of the cylinder walls, which are 
alternately hot and cool. The etfect is to produce a vaiying 
quantity of water in the cylinder. In genenil, liowevci', the 
actual expansion curve follows very closely the law 

pi'=iL constant. 

The actual conditions will be more fullv dUcussed later. 

Exhaust.— It is found best to have the exhau.st valve arranged 
so as to open before the end of the stroke. This allows the steam 
to get away quickly through the exhaust passages and .so tends to 
reduce the back pressure. Directly the exhaust valve opens at the 
point e in Fig. 62 the pressure begins to fall, producing a rounded 
corner eF. During the exhaust sti-oke the pressure may or may 
not remain ulnforiu, being affected by the area of the exhaust 
passages, which, if too small, will cause the back pressure to 
rise near the middle of the stroke wliere the piston is moving 
rapidly. 

Cushioning.— It is customary to close the exhaust valve at 
a point considerably before the end of the exhaust stroke is 
reached, thus entrapping some oPthe exhaust steam in the cylindei’. 
The piston returning to the end of the stroke compresses this 
steam, which thus serves as a soft cushion for brijiging the piston 
U) rest at the end of the stroke. Cushioning is rendered possible 
by the presence of clearance volume. This volume is defined as the 
volume ^hind t he piston when it is at the beginning of the stroke, 
ahdTncludes any space left in the cylinder between the piston and 
the cylinder cover for the purpose of enabling the piston to work 
without cohung against the covef^ and also the volume of the 
pa^ges (as far as the valves) by which tlie steam is admitted and 
exhausted. If there were no clearance volume it is obvious that 
there could be no cushioning, as it is impossible to compress steam 
or any other substance to such a degree that its volume becomes 
zero. 

Cushioning also serves the purpose of increasing the pressure in 
the clearance volume to a value considerably alwve the exhaust 
pressure before fresh steam is admitted. The effect is to produce 
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more economical working, as less steam will require to be admitted 
in order to bring the pressure in the cleai’ance volume up to steam 
chest pressure at the commencement of the stroke. 

In Fig. 62, cushioning starts at fj, at which point the exhaust 
valve closes, and the gindual rise in pressure as the compression 
goes on is shown by the curve fja. 

The general etlcct of all the points enumerated is to reduce the 
* area of the diagnim of work by an amount which varies in engines 
of different classes, amounting to from 25 to 40 per cent. The 
actual mean pressure which may therefore be obtained in practice 
will be from 75 to 60 per cent, of that obtained by calculation 
from the equation on p. 81. 

Other effects of clearance.- Clearance also affects the volume 
of steam present in the cylinder at any point in the stroke, lo 
obtain this volume, the clearance volume must be added to the 
Volume swept bv the piston from tlie commencement of the stroke 
up to that point. Further, the true ratio of exi^nsion should be 
calculated from 


True ratio of expansion 


volume present in c yli nder a t end of stroke 
"‘volume present in cylinder at point of cut off 

(total volume swept by piston)+ ( clearance v olume)_ 
“(volume s^)t bypistoiriip to cut off) 4 -(clearance volume) 


In the example worked out on p. 81, the ratio of expamsion 
was taken as the reciprocal of the fraction of the stroke at which 
cut off occurred, viz. 8. While this method is accurate enough for 
the puiposes of the hypothetical diagram, the student should 
clearly understand that it gives an ajjproximate result only. 

Clearance is usually larger proportionally in small engines than 
m those of considerable size. Stating clearance as a percentage of 
the volume swept bv the piston, we find it may range from about 
20 ])er cent, in small engines to about 4 per cent, in large engines. 
The clearance volume mav be calculated from the drawings of the 
cylinder, or it may be fomid experimentally by bringing the piston 
to the beginning of the stroke, clo.«ing the admission valve, and 
then ascertaining how much water is required to fill the spiice 
left. From the weight of this water, the volume may be easily 

calculated. 
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Example i. Supposing 4 lbs. of water are required to fill the 
clearance volume of a cylinder 10" diameter x 18" stroke of piston, 
calculate the clearance volume and express it as a percentage of the 
volume swept by the piston. Take the weight of one cubic foot of 
water to be 62 '3 lbs. 

Let i;=clearance volume in cubic inches. 

Then u: 1728 = 4 : 62-3, 

1728 x4 
62-3 


= 111 cubic inches. 


Volume swept by piston = 


T 


xl8 


=78-04x18 
= 1414 cubic inches. 


Pereentage required =~~ x 100 

1414 

=7-86. 


Example ii. Sv\ppose in Example i. that the steam is cut off at 
one-third of the stroke, and calculate the true ratio of expansion. 

Volume present in cylinder at end of stroke= 1414 + 111 

= 1525 cubic inches. 


Volume present in cylinder at cut off=— •-‘^ + 111 

«5 


=582 3 cubic inches. 


True ratio of expansion = 


1525 

582-3 



Example iii. Use the particulars of Examples L and ii. and represent 
the clearance volume in the diagram of work. Draw the admission 
and exp^ion parts of the diagram, taking the adn)ission pi-essure to 
bo 60 lbs. per square inch absolute. 

In Fig. 63 let PV be the perfect vacuum line, and make PV to 
scale to represent the stroke of the piston. The length of PV 
multiplied by the area of the piston would give the volume swept by 
the piston, and we may therefore take PF as representing also the 
volume swept by the piston. 

Calonlate a length PO from 

PO : P 7= clearance volume : volume swept by piston. 


86 


STEAM AND OTHER ENGINES. 


PO will then represent the clearance volume to the same scale that 
P V represents the volume swept by the piston. The whole length 0 V 
will now represent tlje total volume present in the cylinder at the end 
of the stroke. Tims, 

Let /=actual length of PO in inches, then 

/:Pr=lll:U14 



Fit). 03.— Diagram of work, having clearance taken into account. 


Take Cso that PC is ecpial to one-lliiitl of PI'; draw PB and CD 
peipendicular to PV, making the length of each to represent 60 lbs. 
per square inch to the scale of force. BD will now represent the 
admission part of the diagram. Points on the expansion curve may be 
obtained by calculation as before, or the graphical method explained 
on p. 49 may be used. This latter method has been used in Fig.^ 63, 
giving PBDEV as the required part of the diagram of work. The 
student will note that the radiating lines required for finding the points 
on the curve must be drawn so as to converge at 0, not at P. 
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EXERCISES ON CHAPTER VI. 

1. Express 1 foot-ton of work in metre-kilograms. 

2. How much work in foot-pounds is done per hour by an engine 
developing 3500 horse-power ? 

3 . A steam engine cj’lindcr has a piston 30” in diameter x 4S" stroke. 
Steam is cut off at one lialf of the stroke, the initial pressure being 105 
lbs. per square inch absolute. Assume the simplest law of expan.sion 
and draw a diagram to represent the total work done on one side of 
dhe piston. Find the mean pressure from your diagram and calculate 
the work done per stroke. Neglect clearance. 

4. Calculate tlio mean pressure and hence the net work done per 
stroke for the engine in Exercise 3, using the equation 

/l-l-log^\ 

Pr^=Pi[ — rJ-Pt’- 

Take the back pressure to be 45 lbs. per square inch. 

6. What is meant by the term “hypothetical diagram”? Sketch 
approximately such a diagram f(»r an engine cutting off at onc-tliird 
stroke. Indicate on the diagram in what respects the actual engine 
diagram u-ould probably differ from the hyimtlielical diagi-am. 

6. An engine having a cylinder 24" diameter x 36" stroke has a 
clearance of 10 per cent, of the volume swept. The point of cut off is 
0'6 of the stroke. What are the approximate and true ratios of 
expansion? Express the clearance volume in cubic inches. 

7. Draw the hj'pothetical diagram for the cylinder of Exercise 6 ; 
show tlic probable diagram by dotted lines. 

8. State the following amounts of energy in foot-pounds: 

(а) A weight of 35 tons may fall vertically 15 feet. 

(б) The kinetic energy of a projectile of 60 lbs. moving 2000 feet 
per second. 

(c) The calorific energy of 1 lb. of coal, 8500 Centigrade pound 
heat units. 

(d) 30 lbs. of water raised from 40’ F. to 103’ F. 

(e) One horsc-power-hour. 

(/) One kilowatt-hour. 1906. 

9. Steam enters a cylinder at 140 lb. pressure (absolute) per sq. 

inch ; is cut off at 0‘35 of the stroke and expands according to the law 
"pv constant.” Neglect clearance and cushioning, ana draw the 
hyrothetical diagram usually taken. Back pressure 17 lb. per sq. 
inen. Find the effective pressure. Area of piston, one square foot ; 
stroke, 2 feet. What is the work done in one stroke? How many 
cubic feet of steam entered the cylinder ? What is the M’ork done per 
cubic foot? 1903. 
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10. What is meant by “clearance”? If a piston is 12 indies in 
diameter, and the crank’l foot, what is the working volume in cubic 
inches ? If the clearance is such that 4 lbs. of water just fill it when 
tlic piston is at the end of its stroke, express it as a percentage of the 
working volume. If the working volume is represented to such a scale 
that a distance of three inches represents 1 cubic foot, what distance 
will represent the clearance ? 1898. 


I 


CHAPTER VII, 

THE INDICATOR. 


The indicator.— To obtain a knowiwlge of what is actually 
occumng in the cylinder of an engine an instrument called 
an indicator is used. The 


function of this instrument 
is to diaw a diagram on 
a piece of piper (usually 
called a card) which will 
show the changes of pres- 
sure and volume. There 
are many different forms 
of modern instruments. 
A few well-known types 
are described here. 

The Crosby indicator.— 
The external appearance 
of tins indicator is shown 
in Fig. 64. A view of the 
same instrument is shown 
partly in section in Fig. 65. 
The instrument consists of 
a small cylinder 4 secured 



Fic. 04.— Estcnml view of Uic Crosby indicator. 


to an outer cylinder 5 and fitted with a piston 8 which is 

held down by a helical spring attached at its upper end to 

the cylinder .cover 2, and at its lower end to the piston. The 

cylinder 5 is provided with a union 6 by means of which it is 

attached to an indicator cock shown in Fig. 68, which in turn is 

screwed into a hole made to receive it near the end of the engine 
cylinder. 
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When steam enters tlie cylinder of the engine, it will also be 
free to enter the indicator cylinder provided the cock is open, and 
will exert on the piston 8 the same pressure per square inch as on 
' the piston of the engine. The piston 8 will be forced upward by 
the steam pressure against the action of the spring. The spring 



Fi(i. 63.— Sectional deration of the Crosby indicator. 


follows the well-known law very closely, viz. the ainount of com- 
nressiou (or shortening) is proportional to the load applied, it 
follows, therefore, that the piston 8 will take up a definite position 
i:i the cylinder for a given steam pressure. The piston rod is 
attached at its upper end 12 to a parallel motion formed of small 
bars 11, 13, 14, 15, by means of wliieh the motion of the Piston > 
c ommunicated to a lever 16 in such a manner that its outer end 23 
is constrained to move in a vertical line. A pened is attached 
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the lever at 23, and is given, by the arrangement of the mechanism, 
a faithful copy of the motion of the piston, but on a mucli larger 
scale. In this indicator the piston movements are multiplied .six 
times at the pencil. The object is to keep the piston movements 
as small as pos.sible in order that the pencil movements may 
be interfered with to a minimum degree by the inertia of the 
piston. 

A di'um 24, round which the card is to be wmpped, is mounted 
so as to rotate on a pin 28 secured to a bracket 1 wliich is fixed to 
the cylinder 5. A cord is secured to the lower part of the drum, 
and, after coiling round the drum is led over guide pulleys 34 to 
be attached to some suitable part of the engine. A jmll on the 



Flo. GO.- Crosby indicator 
spring. 



Fio. i>7.— Attacliiucnt of tlic spring to 
tlic pistuii iit the Crosby indicator. 


cord will rotate the (burn in one direction, and on releasing 
the cord, a spring 31 inside the drum is airanged to give the drum 
rotation in the contrary direction. The cord sliould be attached to 
some part of the engine which will give to the paper on the drum 
a horizontal movement under the pencil 23, exactly corresponding 
with the movements of the piston in the engine cylinder. It 
follows, therefore, as the pencil has vertical movements corre- 
sending with the steam pressure in the engine cylinder, that a 
diagram will be drawn on the paper showing the precise relation 
of the engine piston position (or volume of steam in the cylinder) 
and steam pressure throughout the cycle. 

^ '^e Crosby spring is a double helix (Fig. 66). and has a ball at 
Its lower end fitting a socket in the piston 8 (Fig. 65) ; the screwed 
end of the piston rod 10 and another small screw 9 provide the 
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means for lioliling tlie spring and adjusting the socket bearing. 
The arrangeineiit ensures free and true uiovenient of the piston in 
the cvlinder. The piston 8 is made of tool steel, very thin so as to 
be as light as possible, and is hardened, ground and lapped to fit. 
An enlarged section of the piston and arrangement for attach- 
ing the spring is shown in Fig. 67. Lciikage is prevented jwst the 
inston by means of shallow channels cut round its outer surface. 
These retain moisture and oil, and preveiit leakage by setting up 
eddies in any fluid attempting to flow jwst, thus offering a greatly 
increased resistance to the flow. The cylinder cover is foimed of 
a cap 2 screwed to the upper end of the cylinder (Fig. 6o). The 
cap 2 also serves to retain a sleeve 3 in position; this sleeve 

supjKU’ts the jKirallel motion and is free to 
rotate, the object being to permit of the 
pencil 23 being brought into contact with 
or removed from the p»])er. Drum stops 
are provided by means of which the move- 
ment of the drum is limited to somewhat 
less than a revolution. 

The indicator cock (Fig. 08) is open when 
the handle is placed straight. On jdacing 
the handle crosswise, the indicator cylinder 
is shut off from the engine cylinder and is put into communiaUion 
with the atmosphere, through the small hole sliown in the centre 
of the ball. The jiressure on the ijidicator piston will then be 
that of the atmosphere. A line diawn by tlie pencil on the 
card under these conditions will show atmospheric pressure and 
will serve as a datum line for measuring other pressures on the 

diagram. i • 

Thompson indicator.— Tliis indicator is illustrated partly m 

section in Fig. 69. Messns. Schaffer & Budenberg, Ltd., are Uie 

makei-s. The student will have no difbeulty in undei-standing 

the anangement of the principal pu ts after what lias been s.atd 

regarding the Crosbv indicator. In the Thompson indicator, as in 

the Crosby, the piston is of steel, the springs are double-wound 

and are ball-jointed to the piston and rod. and the cylinder is 

fitted with an inside liner which forms a steam jacket between tlie 

liner and the outer cylinder. The movement of the piston is 

multiplied six times at the pencil. The an-angemeut of the 



OS.— Indicator cock. 


typp:s of indicators. 
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parallel motion diffcra from that of the Crosby indiciiloi as will be 
seen by an inspection of the illustrations. 



Flo. 6?.— Sectional elevation of the Thompson indicator. 


The Simplex indicator.— This indicator ditl'ors materially from 
those prariously described. The makers ai-e Me.ssrs. Elliott Bio.s. 
Tlie spring is tongs-shaped, one limb of the tongs being attached 
to the top of the piston rod (Fig. 70), and the other limb to a 
fixed bracket. The spring is outside the indicator cylinder when 
in position and is thus removed from the heating action of the 
steam. This is an important feature, as the strength of a spring 
IS not constant at all temperatures, and, if the temperature of 
indicator springs be allowed to vary, errors will l)e introduced 
which will affect the pressures shown on the resulting diagram. 
The spring in the Simplex indicator is easily changed without 
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removing any other put, and being cool is easily handled. Tlie 
piston, ihston rod, and parallel motion are so an-anged that they 
can be removed for cleaning in one piece, by unscrewing the milled 
cover shown just under the tongs-spi ing in Fig. TO. 



p,o. 70.— The Simplex iiKlic.ntor. 


The " Mclnnes-Dobhie " indicator. -This indicator is illustrated 
in Fit'. 71. The instrument is an excellent example of the t)pe 
in which the spring for controlling the piston is heln^l an 
placed outside the evliuder. Referring to the section in Fig. / , 
*1 is the helical drum spring, having its end fixed to the spn^ e 

s-iuare B, while its other end recipro^tes with the drum 
drum may be removed bv unscrewing the milled head at the t p 
of tl.e drum spindle C, giving access for adjusting tl.e streng . 
the drum sprinc^ This adjustment is accomplished 1)\ lifting a 
l;!: squat "h... .he atigth of the sp. ing can -^--ased or 
diminish bv 'vinding o‘. It will be uude-stood that eng nos 

running at high speed of revolution require " f 

drum spring tlian otl.era running at low speed Thu. le neecs~t .V 
ler that the drum apring may return the drum promptly 
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without allowing any slack to take place in tlie driving cord. I) is 
the cord pulley frame, made so that the pulley may be adjusted to 



Fio. 7l.~McInnes-Dobbie indicator. 


toy angle for the purpose of carrying the cord to the required 
part of the engine. 
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The steel piston is sliown at T, the cylinder being marked X. 
The cylinder is connected to the indicator cock (not shown in 
Fig. 71) by the coupling nut at the bottom. The piston has a 
reSiss providing accommodation for lubricant and acting as a 
means for catdiing grit. Any steam leaking past the piston 
escapes through the passage The cylinder is sheathed with 
vulcanite thus enabling the indicator to be handled without 
buniini; tlie finjiers. 



7 *). — Me times ‘DDbUic indicator, 
havinjj laper roll inside the drum. 



Fio T3 -Mclnnes-Dobbie indicator, 
arranged for taking continuous diagrams 
automatically. 


The pencil level- is inai-hed G and is connected by the paiallel 
motion level, to a milled nut H on the to,, o the piadon ipd 5 , 
the piston lod is made of steel tube foi- '‘f J 

a, I one end sci-ewed to ^ ^1 -<>• 

^etacW 1^ -rS die pal-a.le. motion, and can swing 

'’“in W- '2 "i™ toi '' lirdimriii tlx efanip" 

is made to contain a roll iX^ocation of 

in Fig. 73, the paper is fed automatically 
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the drum, thus enabling a continuous sequence of diagratiis to be 
taken (Fig. 74). Useful information may thus be obtained regard 
ing the performance of engines in 
which the load varies greatly. 

Connecting up the indicator.— 

The indicator is usually connected to „ _ „ , , 

, 1 ^ 1 74.— Example of contmuoiH 

the cylinder by means of a bent pipe iii(iit.it..rdi;igr.'niis. 

E (Fig. 75), which is connected to 

both ends of the engine cylinder and has a branch near the 
middle of the .pipe for mounting the indicator. A three-way 
cock F, at the branch connection, enables citber end of the 
cylinder to be connected to the indicator so that diagrams may be 




Fio. 75.— AiTangcmont for connecting wp and driving .in indicitor on a 

steam Clique. 

taken from either end of the cylinder. Frequently in testing 
engines for scientific purposes, two indicators are employed, one 
connected direct to each end of the cylinder. This plan lias the 
^vantage that losses of pressure due to long connecting pipes and 
^ds in them are greatly reduced. The connecting pipes are 
best placed so as to enter the cylinder at right angles to the steam 

r\ 
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ports, thus preventing false pressures, due to the rush of steam into 
and out of the cylinder, being shown. 

J Usually the stroke of the engine is too great to permit of the 
drum being driven by direct connection to the crosshead. A 
reducing ge°ar liiis generally to Ije employed. A simple form of 
such gear U slnnvu in Fig. 73. A rod Mi has one end A pivoted 
to a fixed axis and its other end B eonneeted to the centre of the 
erosshead pin hv means of a short link BC. The cold driving the 
indicator drum 'is eonneeted to the link AB hy fastening it through 
one or other of the small holes at D. In Fig. 75, P is the piston 
rod and R the connecting rod. 

Tlie function of the reducing gear is to give to the drum a 
faithful copy of the niotioii of the piston on a reduced scale Too 
many joints in such gears are objectionable on account of their 

liability to work loose. 

j The indicator in use.-In using an indicator, attention should 

be given to the following points : , . • , 

1 See that the indicator is mounted properly, and that the joints 

of the connection to the cylinder pipes do not leak. ^ 

position of the drum and guide pulleys so that the cord runs fiedy 

when connected to the reducing gear. 

2. Adjust the length of the cord so that the drum docs not 

knock at^ainst the stops at either end of its stroke. 

3. Clioose a spring of proper strength to suit the niaximu 

"TS . sharp 1 bm m rue of a metallic 

pencil, the paper may be cut if the pencil is too sluip. 

^ r Oil the piston before inserting it. If m use during a long 

test, remove the piston occasionally for 

6 When finished, remove the indicator immediately and tleai it 

thlZ • Ifore putting it array. Do not leave the sprang m the 

oytodfr r it should be cleansed and oiled to prevent eor rosron. 

Taking diagiams.-The following p.'ocedure may he follorved r 

1 Fold over about f of one shoi-t edge of the paper. 

edge in one of the druur ‘ '™;\t%uper 

and insert the opposite edge in the ot p i' 

down the dnim and see that it is pressed tightly against 

the short edges over the clips. 


THE INDICATOR IN USE. 


99 


2. Connect tbe drum cord to tlie reducing gear. 

3, Bring the pencil to the jmper and see that the jiencil is 
80 adjusted that undue pi'essure does not occur, otlicrwisc the 
friction of the pencil will be excessive and will introduce erroi s in 
the pressui’es shown. 

4 Connect the indicator cylinder to the atmospliere by means of 
the cock and dniw the atmospheric line. 

5. Open the cock communication to one end of the cylinder and 
allow the indicator piston to rise and fall several times so as to 
warm the indicator cylinder. Turn the indicator cock two or three 
times open to the atmosphere so as to blow any water out. 

6. Bring the pimcil to tlie paper to draw the diagiam. Repeat 
the opeiatious for the other side of tlie engine cylinder. 

7. Disconnect the drum cord and remove tlie paper. Be uireful 
that dirty fingei-s, steam, oil and water do not toucli the diagram 
on the paper. 

8. Write at once the following information on tlie card ; 

(а) Date and time card was taken. 

(б) Etiginc from wliicli card was taken. 

(c) Scale of spring. 

/ (d) Revolutions j)er minute at time card was taken. 

/ (c) Diameter and stroke of piston, 

y Indicated horse-power.— Fig. 70 shows a pair of indicator 
diagrams taken from tlie two sides of the piston of a steam engine. 
From these the mean pressures exerted on the opposite sides of the 
piston may be determined by the method explained on p. 80. 
Having asc-eitained the mean pix-ssures, the work done on the 
piston during each forward and backwaid stroke can be calculated ; 
and, knowuig the number of such double strokes per minute, the 
work done ou the piston per minute can be estimated. If this 
result, stated in foot-pounds, be divided by 33,000, the calculation 
will give the hoi'se-power developed on tlie piston of the engine. 
This is called the Indicated Horse-Power (written generally i.ii.p.),as 
it depends on a knowledge of the mean jnessure obtained bv use of 
the indicator. 

Calculation of I.H.P.— Tlie mean pressures liave been deduced 
from the diagrams in Fig. 76 by first drawing lines touching 
the extremities of the diagianis and perpendicular to the atmo- 
spheric line AZ. The distance between these is then divided into 
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ten equal imrts and an ordinate drawn from tlie middle of each part. ■ 
By this process the same points of division serve for both diagrams. 
The heights of these ordinates measured between the curves of 
each diagram are written down, using the scale of the spring, those 
belonging to the left-hand diagram being placed above the curves, 
the others being below. The sums of these columns divided by 10 
give the moan pressure for each side of the piston. 



As a first approximation, the avemge value of the mean 
so obtained may be adculated by taking their sum and ‘ ^ 

2 Using this as an average pressure common to both sides of 
piston and writing it;v lbs. per square inch, we have : 

Work done on piston per stroke =(p™X A xi) ft.-lbs. 
wliere ^ =area of piston in square inches, 

X=length of stroke in feet. 

Let y= revolutions per minute, 

then 2iV=number of strokes per minute ; 
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work done on piston per minute=(^„,AX2A') ft.-lbs. 

( 1 ) 

The result so calculated is approximate only, as no allowance lias 
been made for the effect of the jiiston rod in reducing the area of 
that side of the piston to which it 
is attached. Thus, by reference to 
Fig. 77, it will be seen that the 
whole aresi of the piston on side A, 

is acted on by the steam 


VIZ. 


1 

A 

1 

1 

\ 

1 

e 

.1 

1 


1 

d 



1 




1 


Fio. 77. 


areii 


pressui^e, while on side B tlje net 
ai-ea available to be acted on by 

the steam is the difference between the area of the piston and the 

of the piston rod, viz. being tlie diameter of 

the cylinder, and d that of the piston rod, both stated in inches. 
To obtain a more accurate l esult we may proceed tlnus : 

Let ^.4 “average pressure foj- end A of cylinder lbs. per square inch, 
Pb ~ » )» »» 


D 


w/)* 


ToUd pressme on side x lbs., 


rZ)2 


Work per stroke for side A =p.i x • p x X ft.db.s., 


i.Jt.p. for side A = 


vD- j. Y 

p,iX -p X i X A 


33,000 


( 2 ) 


W being the revolutions per minute, and consequently the number 
of strokes for side A i)er minute. Again, 

Total pressure on side B=Pb(^ — ^jlbs., 

Work jKr stroke for side ft.-lbs., 


i.H.p. for side B- 


4 4 

/jrZ)2 tcB\. y 

33^000 


( 3 ) 


The total indicated hoi-se-power will be obtained by taking the 
sum of these results, (2) and (3). 
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Other uses of the indicator.— Tlie indieitor is also used to 
ascertain whether the distribution of steam in the cylinder is as 
intended ; from the information thus derived the valve gear can be 
altered so as to correct too early or too late admission, cut off, 
release, or cushioning. The presence of excessive throttling or 
wire-drawing can also be detected. Such information as can be 
thus deduced from the diagiams is particularly useful in the case 



of testing internal combustion engines (Chap. XXI.). The indi- 
cator can also be connected to the steam chest, the drum being 
driven from the crosshead as usual, giving useful infonnation as to 

the fluctuation of pressure of the steam in the chest. 

Cross diagrams. —It will be observed that the ordinary indi- 
cator dia«ri-am does not show clearly the state of the “ lead ” portions 
of the cycle. Thus, in Fig. 78 is shown an indicator dmgi-am m 
full lines taken by Mr. A. T. Quelch from the n.r. cylinder of the 
triple expansion engines of S.S. Ar^lo-Saxon. fhe part of the 
.diagram showing the cylinder pressures while the h.p. crank moves 
from -2.V through the top dead point to 10* on the other side of 



BRAKE HORSE-POWER. 


m 


the ^ead point is included between ah, and the “Iciid'’ is quite 
obscured. 

To show t)ie lead clearly, another diagiain (shown dotted) was 
taken in which the indicator was still connected to the n.r. cylinder, 
hut the drum was driven from the l.p. crossliead. The l.p. crank 
being 120“ beliind the n.P. crank, the resulting diagiam lias the 
lead portion spread out considerably, as sliown in Fig. 78, the 
crank positions and points on the dotted indicator card being 
numbered to correspond. The artifice is often adopted in gas 
and oil engine work for spreading out the e.Kplosioii part <tf the 
diagram. In such cases the 
drum is diaven from a small 
crank placed at 90’ to the 
engine crank. 

Brake horse-power.— A con- 
siderable portion of the horse- 
power developed on tlie piston 
is not available for driving 
outside machinery. Generally 
from 5 to 25 per cent, of the 
i.ii.r. is used in overcoming 
frictional resistances in the 
mechanism of the engine itself. 

To obtain an estimate of the 
horse-power which the engine 
can deliver, the energ}' de- Fio. to.— a common form of ropo brake, 
livered by the engine may be 

absorbed by means of a brake mounted on the fly-wheel. A 
common form of brake is illustrated in Fig. 79, and consists of a 
double rope pissed round the wheel and held in position by means 
of loosely fitting M’ood blocks secured to the rope. Four such 
blocks are shown in the illustration, a separate view being given 
of one to indicate the manner in which they embrace the rim of 
the wheel. One end of the rope is attached to a spring balance 
suspended from overhead, the other end carries a load 0’ lbs. Tlie 
direction of rotation of the wheel being as shown by the arrow, it 
will be noticed that the pull, P lbs., of the spring lialance is helping to 
turn the wheel and IF is opposing its rotation. The fnetion between 
the ropes and the rim communicates these forces to the wheel. 
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Let /; = radius, in feet, to the centre of the rope, tlien j 
Net resistance against wliich the wheel is working= 11’- P lbs. 

As this resistance is applied at a radius R, the distance thiough 
which it is overcome in one revolution will be 

'2t:R feet. 

Work per revolution=(ll — P)2«’/? ft.-lbs. 

For N revolutions per minute, 

Work per minute=(H — P)2 t/?. A ft. -lbs., 

(ir-P) 2 r/?A 

Hoi-se-power= 33 ;^-- 

Tlie result of this calculation, called the Brake Horse-Power of the 
engine (written n.H.P.), gives the hoi-se-power which the engine can 

deliver for driving machines, etc. _ . . , • 

To prepare the student for the Engine Trials described in 
Chaps XVIII. and XXL, the following preliminary experiments 
should be carried out. It is assumed that a steam or other engine 

is available. 

Exit. 19.— Practise attacliing the indicator and its gear several times 
with the engine at rest. Rotate tlie crank shalt by hand in order to 

test the adjustments. 

Exit. 20.— Practise mounting the brake with tlie engine at rest. 

Exrt ‘’I -Take several indicator diagrams. Note also the other 
navticuiars required. Work out c.ich diagram for i.H.r. 

FXPT *>’ —While other students are performing Expt 21, practise 
reading* the brake loads and other necessary measurements. W ork out 

then.H.P. 

Mechanical efficiency.-The efficiency of any machine is defined 
e ratio of the energy which may be obtained from ^ ^ 
to the enero^y supplied to the machine. Applying this defin t on 
: Z »n ...gine, tl. energy suppHe to t e p. on 

nPi- minute will be obtained by multiplying the i.h.p. by 3.1,000 . 
"o 7 e en^ • nhiol. n,ay be obtained from the eng, ne one 
b^\.be product B.n.r. x M ,000 T be *eney of the 

meebanism, or mecbanleal effleiency as It ,a '^1 

BJf.r. x33,00<> 

Mechanical efficiency* ^ ^ ^ 33 OOO 
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The result is geneially multiplied by 100 so as to have it as a 
pereeiitage. The inechanicid efficiency generally lies between 75 
and 95 per cent. 

Heating of the brake.~In absorption dynamometers such as 
that illustrated in Fig. 79, the energy produced by the engine is 
absorbed by the frictional resistances of the biake, and is tmns- 
fomied into heat. It is therefore necessiuy to keej) the lly-wlieel 
cool by lubrication with soa))y water, this cooling being assisted by 
the air draught produced by the rotation of the wheel. Sometimes 
fly-wheels have their rims made of a channel section so as to 
i-eceive a stream of watei’, 
which being whirled round 
hy the wheel, retains its 
position in the i-im in the 
same way as a whirled stone 
at the end of a string keeps 
its circular path. The water 
is kept continually flowing 
into the rim and is dniiiied 
away by a shai p-edged scoop 
on the other side, and there- 
fore keeps the rim cool. 

The anangement is shown 
in Fig. 80. 

Measurement of large powers.— It is not practicable to apply 
a bmke to any engine of large power. Tlie power available for 
driving purposes in such cases may he estimated from a knowledge 
of the i.ii.p. obtained from indicator diagrams, using an estimated 
value for the mechanical efficiency. This procedure is often 
followed in marine engines. If the engine is used for driving 
electric geneiutors it is possible to estimate very closely the power 
coming from the engine by calculating the output from the 
dynamo and then allowing for the losses in the dynamo. Thus, 

Power coming from the engine = output from dynamo -I- losses in 
till* dynamo. 

Tile electrical horse-power (e.u.p.) delivei-ed by the dynamo may 
be calculated fi-om 




fiOHT iUVAT/Oh $nm/tALL£¥4TJ0/t 

Fic so.— Arrangement for watcr-cooUng tho 
rim of a broke wheel. 


amperes X volts 
746 
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The electrical and mechanical losses in the dyniano may bo 
experimentally determined, the methods of experimenting being, 

however, beyond the scope of this book. 

The electrical method is particularly valuable in the case of 
steam turbines. Such motoi-s have no reciprocating piston, but 
consist of wheels having many blades. The steam flows over these 
blades and so routes the wheels (see Chap. XVII.). It is 
impossible to derive any information regarding hoi-se-power from 
turbines by use of an indicator, hence the value of the information 
to be obUined from the electrical hoi-se-power of dynamos dnven 

by steam turbines. " ' , . , i • • 

Many vessels are now fitted with steam turbines for driving 

their propellers, and two are now (1907) being built for the 

Cunard Co., in each of which the toUl horse-power of the st^m 

turbines wUl amount to 75,000. Recently an ingenious method of 

determining the horse-power of marine turbines has been applied, 

consisting of measuring the angle through which one end of a 

len<rth of the propeller shaft twists relative to the other end uhen 

the turning moment is applied by the engine. The angle of twist 

is proportional to the turning moment, and, when it is known, 1 1 

tuiming moment may be calculated from it and a knowledge o the 

eLtic^onstmits of the material of the shaft. The revolutions 

having been ascertained, the horse-power coming from the engines 

may be determined.* 


EXERCISES ON CHAPTER VII. 

1. Give an outline sketch oi the parallel motion, piston, and piston 

rnd of anv indicator you have handled. 

2. SkLli in section and describe in detail the cylinder and pisto 

Give sketches and description of any reducing gear for 

connecting up an indicator to the engine crosshead. 

. 4. In a steam engine cylinder, the "IXSn pS 

1907. 
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Calculate the i.h.P. when running at 95 revolutions per minute. 
Neglect the effect of the piston rod. 

(/ 5. Answer question 4 again, taking amount of tlie piston rod, 
which is 4" in diameter and is on that side of the piston whicli lias 
28‘2 lbs. per square inch acting on it. 

6. Give a sketch and description of any form of brake which you 
have seen used for obtaining the mu.!*, of an engine. 

. In testing an engine for n.ii.r. a brake similar to that sliown in 
g. 79 was used. Tlic speed of the engine was 230 revolutions per 
minute; the pull of the spring halance 15 ll)s., and the dead load 
84 lbs. The brake wheel was 4' 9" diameter. Calculate tlic n.n.r. 


8, In question 7, calculate the lieat developed by the lirake. Shite 
the result in b.t.u. per minute, taking y=77H. 

• 9. In question 7 the mechanical efficiency was found to he 82‘5 
per cent. What was tlie i.h.p. ? How much energy iu foot-lhs. per 
minute is used in overcoming frictional resistances of the engine ? 

10. Describe an indicator ; how is it attaclied to a steam, or gas, or 

oilengine? Choose some one of these ami sketcli the sort of diagram 
obtained, and state wiiat information it gives us. Show how the 
horse- power is calculated. 1898. 

11. Descrihe, with sketches, liow you would take an indicator 

diagram of a steam engine or a gas engine. Sketch a possible diagram 
and explain how you would ciilculalc tlic indicated horse powei-. 
What information is necessary ? 1905. 

12. The mean effective pressure on the piston, Imtli in the forward 

and back strokes, is 62 lbs. per scjuare inch; cylinder 18" diameter; 
crank IS’ long. What is the work done in one revolution ? 1906. 
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CHAPTER Vni 

4 

VALVES AND VALVE GEARS. 

Position of the piston. -To ubt:iin the position of the piston iii 
the cvUiuler, the following construction may be followed. Describe 
a circle with centre C and radius CB, representing the length of 
the crank to a convenient scale (Fig. 81). Take HL produced as 



Fin. 81.-Con8tvuctioi» for fiudiug the position of the piston. 


tl,e centre line of tl.e cylinder. Drew the crank in “y 
such as CB. With ccntie B and radius Z)d, ciual to the len„ 
the connecting rod to scale, cut the centre line in A. A now 
be the position of the centre of the crosshead jun 
to the irank position CB. d will ti-avel from D to ^ 
again as the crank rotates; its distance from the 

be at a distance equal to DA from the 

The crank is said to be on the dead points when it is ° 

the positions CL and Clt. L is called the i^er dead point, being 
nearL to the cylinder'than R, which is called the outer dea p 
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With centre A and i-adins AD, describe an arc cuttin<,f LH in P. 
Then LP will be equal to DA^ and conseiiueiitly will show the 
distance travelled by the piston from the beginning of the stroke. 
Draw perpendicular to LR (Fig. 82). Notice, in carrying out 
the above construction, that if the connecting rod is made longer, 
the point P will lie closer to M. In the particular case of ’the 
connecting rad being made infinitely long, PwiW coincide with J/. 

With the comparatively short con- 
necting^ rods used in ordinai y engines, 
the piston position must be found as 
at P bv the method dc.scribed, but in 
the ca.se of connecting rods which arc 
very long as comjwred with the crank 
radius, the position may be assumed 
to be J/ without serious error. 

Position of the slide valve.— 

Usually the slide valve U driven by an 
eccentric. Imagine an oidinary crank 
of small radius to have the crank pin 
made very large, of such diameter, 
indeed, that the crank cheek disiippears and the hole for receiving 
the crank shaft may be bored tlirough the crank pin. We 
have now an eccentric, and the motion which it will give to the 
valve will be precisely the same as that which the original 
crank would have communicated. Valve po.sitions may therefore 
be found by the same method as that descril)cd above for piston 
positions. 

Usually the eccentric rod connecting the eccentric to the valve 
spindle is long when compared with the eccentric radius. It may, 
therefore, be assumed in most cases that the valve position is that 
shown by the point M in Fig. 82. 

Events determined by the valve.— For each side of the piston 
the valve determines the instant at which four event? will occur. 
These are : 

(1) Point of admission.— This is the instant at which steam begins 
to How into tlie cylinder, and occurs when the crank is still a 
few degrees from reaching the dead point. The valve is thus 
open a little befora the piston is ready to begin its stroke, and 
thus a supply of steam has had time to enter the cylinder and 



Fjo. $2. — for 

finOiug the of the nMtlo 

valve. 
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fill the cle<ir!ince sjwce between the piston Hiid the stenin poitj 
this is said to be giving lead to the valve. 

(2) Point of cut-off.— Tliis point may occur when the piston has 
completed any convenient fraction of its stroke. At the requiied 
instant, the valve closes the ste<im poit, and the remainder of the 
stroke is completed hy the expansive action of the steam. 

(3) Point of release.— This is the point at which exhaust from 
tlie cylinder begins. To permit a rapid discharge of the stejun 
when done witli, and so to reduce the back pressui'e on the piston, 
it is customary to open to e.xhaust some little distance befoitj the 

piston reaches tlie end of its stroke. 

(4) Point of cusnioning. - At this point the exliaust poit closes and 
no further stwim is allowed to How from the cylinder. Usujdly 

about 0-8 of the return stroke has 



Fio. — Slide Talvc for non* 
expansive working, 


been completetl when this occuia, and 
the steam entrapped in the cylinder 
is eompi'es.sed hy the returning piston 
and so has its pressuie jaised. The 
object of this ai iangement is to pro- 
vide a cushion of steam to bring the 
piston to rest at the end of the 
stroke and so to pievent the bear- 
ings knocking ; cushioning also tills 

the clearance spaces with steam at pressure higher than that of 
the exhaust steam, and so reduces the quantity of boiler steam 
which is required for filling these s|)aces each stroke. 

The student will find it helpful to study these events on a good 
working valve model ; most lalmiaU.ries possess such mode s. 
Failing this, cardboard im^iels can be constructed easily by the 
student himself, or the excellent set of models designed by Messrs. 

'^''sMe'vivrfof non-expan^^ working. -In Kg. Sd S, and 
.5, are the steam ports and £ is the exhaust port. Tlie 
V is sliown in the middle of its tiavel. It will be noticed tlmt its 
length is equal to the distance between the outer «dges of ^ 
and that the length of the exhaust poi t m the vahe is eq 

^Mels for Enomcerivg SludmU, T. Jones and T. G. Jones; 
The Teclinical Publishing Co., Manchester. 
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diatance between the inner edges of *S,, >%. Draw a circle 
(Fig. 84) of radius OCy to represent the crank pin pth, and 
another with the same centre 
and radius OE, to represent 
the path of the eccentric centre. 

Assume that the rotation is 
clockwise. 

Neglecting lead meanwhile, 
when the crank is at tlie dead 
point Cijthe valve must be in 
the middle of its travel and 
must be moving towards the 
right in older to open 5, to 
steam. This is shown at 1 in 
Fig. 84. Tlie position of the 
eccentric corresponding to this 
position of the valve will be 
El, OEi being at 90® to the 
crank. As both crank and eccentric are fixed to the shaft, their 
relative position will not be altered during rotation, I’.e. the 
eccentric will alwaj’s be 90* ahead of the crank. 

When the eccentric reaches E^y the port 5, will be full open as 
at 2 (Fig. 84), and the crank will be at C®. Steam wilt he cut off 
when the eccentric reaches £' 3 , the valve being then in the middle 
of its travel and moving towards the left as shown at 3 ; the crank 
will now be at the outer dead point C 3 . Further rotation of the 
eccentric to E^ will open 5® to steam as shown at 4, the crank being 
at C|. 

Notice that steam is flowing into the cylinder through 5,, wliile 
the crank is moving from to ^ 3 , i.e. throughout the whole 
forward stroke of the piston. On the backward stroke, steam will 
flow through into the cylinder while the crank is moving from 
Cj to C'j. Notice also that the port 5® is in communication wth 
the exhaust throughout the forM’aid stroke, and that Si is open to 
exhaust throughout the backward sti^oke. With this valve, there- 
fore, there is neither expansive working nor cushioning. 

Expt. 23.— Test on yoiir valve model a slide valve having neither lap 
nor lead. Note the crank angles at which the events of a complete 
revolution occur for each side of the piston. 
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Slide valve for expansive working.— To produce an earlier 
cut-off the eccentric nmst be advanced through a small angle 

E(PEx (Fig. 85). All the 
events will now tahe place 
earlier ; thus, admission 
will take place as before 
when the eccentric is at 
£■„, but the ci-ank will now 
be at Co, the angle CqO^’o 
being made equal to the 
angle CiC^i, and not at 
as in tiie case dealt with 
above. Cut-off will take 
place when tlie eccentric is 

at the crank being then 
♦ * 

at C.y 

While this device of 
giving advance to the 
eccentric secures an earlier 

cut off. it also gives mud. too eai ly admission, and the valve 'vdl 
have opened the steam port too m..ch when the crank 
dead point. To coriect tins, add a piece to the length of the \al e 
i sho^vn in the valve section in Fig. 86. When the valve is 





Fic. 80.— I^p in a sU<ic ^alvc for 
expansive working. 


Fio. 87.— Measurement of lap. 


bronvht to the middle of its travel, as in Fig. 87. lUs ontev edg 
„ w “project beyond the outer edges of the s earn p<. t. ^ 

disUlL between the outer edge of the “ 

position, and the outer edge of the steam port is called the ontsiae 

We mLlterafore give advance to the eccentric and outside lap 
to the valve in order to secure expansive working. 


A 
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Setting of crank and eccentric.— Taking a given valve as in 
Fig. 87, in which the outside lap is I, notice hi-.st the relation 
between the radius of tlie eccentric and the diniension.s of the 
valve. The valve is shown in its mid-position in the diagram, and 
must he moved towards the right by an amount etjual to I before 
admission occurs. Let a be the maximum amount of opening of 
Si to steam (usually this is a little less than the width of the steam 
port), then the valve must be moved a further distance equal to 
a in order to give this opening. As the same opeiations have 
to be repeated for the other steam port 5®, it follows that tlie 
travel of tlie valve must be 
equal to twice the lap plus 
twice the maximum open- 
ing to steam. Calling the 
radius of the eccentric r, 
this will give 

r=l+a. 

Draw a circle of radius 
equal to r (Fig. 88) and 
mark the centre lines LR 
and UD on it. The dead 
points will be L and R. 

When the eccentric is at 
the valve will be in tlie 
middle of its travel as in 
Fig. 87. Make OJ/ equal 
to the outside lap and draw 

iffig perpendicular to LR. This will give the eccentric position 
at admission. M^ke MN equal to the lead desired (i.c. the amount 
that the steam port is open to steam wlien the crank is at the dead 
point), and draw NEi perjiendicnlar to LR. This w’ill give A',, the 
eccentric position when the ci'ank is at the dead point Cj. Tlie 
eccentric is therefore in advance of its 90® position by an angle 
^0Ei=:a, This angle is called the angle of advance. The crank 
and eccentric will be continually separated by the angle CjOAi. 

\/ Distribution of the steam.— The manner in which the valve 
distributes the steam to and from the cylinder can now be studied. 
In Rg. 89 is shown again the eccentric circle and the eccentric 
position Aj copied from Fig. 88. Hitherto we have drawm a 

D.s. H 



Fic. SS.~Scttii)e of tlio eccentric for a slide 
valve Laving lap and lead. 
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separate circle to represent the crank, but if the eccentric circle 
be drawn full size, the same circle may be taken to represent the 



Fio. $D.*~ETeiits for the left-hand side 
of tlie piitoii. 


Fio. f»l.~Eveuts for the right-hand side 
of the pUtMi. 


crank to .some other scale. Adopting this plan, the crank position 
corresponding to will be C,. Mark again the eccentric at 

admission, and make the angle EffiCf, 
equal to the angle EfiCy This gives 
Cuy the crank position at admission. Pro- 
duce Ef^M to cut the circle at E<,. When 
the eccentric is at E.,y the valve will he 
moving towards the left and will be, a 
distance 0}[=l from its mid-position; 
cut-off will therefore be occurring. Make 
the angle EMCo equal to the angle EfiCy 
ginng C.,, the position of the crank at 
cut-off. Tlie positions of the ^Tilve at 
admission, dead point, and cut-off are 
shown at 0 , 1 and 2 respectively in 
Fig. 90. At release the valve, if its inner 
edges are dimensioned as in Fig. 87, will 
be in the middle of its travel and will be 
mo^^ng towaitls the left. Tlie eccentric 
will therefore be at E^ (Fig. 89), and the crank w’ill be at C 3 . At 
cushioning, the valve will be again in its niid-jjosition and will be 



Pio, (H). _ Valve T'ositions 
for the events of the left- 
hand side of the piston. 
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moving towards the right so as to close to exliaust. Ulje 
eccentric will be at and the crank at ^4. In eacli of tliese 
cases the crank is found in position by setting back from the 
eccentric position an angle equal to £’jOCi. The valve at relwise 
and cushioning is shown in Fig. 90, at 3 and 4 respectively. The 
instants at which the events for the right-hand side of the 
piston occur will be found in the same manner and arc shown 
separately in Fig. 91. 

Expt. 24.— Test on your valve model a slide valve having outside 
lap and lead, but no inside lap. Note the crank angles at wliich the 
events of a complete revolution occur for each side of the piston. 



Fro, 92.— 

(a) Valve having positive inside lap. 
(t) Valve haviug DCgative inside lap. 



Pro. 98.— Setting of the eccentric 
for a valve having positive inside 
hii>. 


K^^i^lap.-It has just been seen that, if the inner edges of 
tlie valve are opposite the inner edges of the steam ports when the 
valve is placed in its mid-position (Fig. 87), the points of release 
and cushioning will occur when the eccentric is at 270^ and 90* 
respectively from the inner dead point. To obtain later or earlier 
relewe or cushioning, a piece may be added to, or taken away from 
the inner edge of the valve. If the piece be added, it is called 
positive inside lap, or, if taken away, negative inside lap These 
are shown in Figs. 92 « and 92 6. Supposing a valve to have 
pwitive inside lap, release will occur when the inner edge of the 
^Ive IS over the inner edge of the steam port and is moving 
towards the left (Fig. 93> The valve will be a distance * equ^ 
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to the positive inside hip from the mid-position, and the corre- 
sponding eccentric position will be £“ 3 , the crank being an angle 

E^OC^=EfiC^ behind. Re- 
lease therefore occui'S later. 
Cushioning will occur when 
tlie valve is again in the same 
position, but moving towards 
the right. The eccentric will 

Fic. D4.— All example of a slide valve. therefore be at E^ and the 

crank at C\. Cushioning 
occui's earlier now. The effect of positive inside lap is therefore 
to give later release and earlier cushioning. 

If the inside lap be negative 
then £3 and £4 will fall on 
the right of the vertical 
centre line bv an amount 
equal to i. Release will thus 
occur earlier and cushioning 
later. 

Exrx. 25. — Test on your 
valve model a slide valve 
having («) positive insido lap, 

{h) negative inside lap. Note 
the crank angles in each case 
at whioli release and cushion- 
ing occur. 

Piston position on dia- 
gram.— Taking the length of 
the horizontal diameter of 
the eccentric circle to repre- 
sent the stroke of the pi.ston 
' to scale, the piston position 
corre.sponditig to any of the 

Pi-nnL- nn^itions mav be Fio. fiS.-Construction for determining pie 
Ciank positions may ue probable indieator diagram for a given slide 

marked on this diameter by valve, 
the construction shown in 

Fig. 81. This will be carried out in the following example: 

ExAsn»LE. The ports and .slide valve of a cylinder are shown in 
section in Fig. 94. The outside lap is 'f, and the inside lap zero. The 
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travel of the valve is and the lead is i". Draw a diagram showing 
the events for the left-hand side of the piston. Mark the piston 
positions and sketch a probable indicator diagram. 

The answer is shown in Fig. 93. The construction followed is that 
described above and the expan- 
sion and cushioning curves are 
simply sketched in. 

Expt. 28.— Test on your valve 

f el the accuracy of your draw- 
n the al)ove example. Note 
jiston positions at which the 
t« occur for each side of tlie 
m. 

|/B^nced valves. — \Vlien 
the slide valve becomes very large, or is subjected to high steam 
pressure, the frictional resistances to its movements become very 
great. A considerable poj-tion of the power developed by the 
engine is absorbed in driving such a valve, and tlie connecting 
pai-ts must be strongly constructed. To obnate this waste of 

power, relief frames are some- 
times fitted to the back of the 
valve so as to bear on tlm 
steam chest cover and thus 
relieve the valve of some of 
the steam pressure. Such a 
■valve is shown in Fig. 96. 

In cases of engines working 
under high steam pressure, the 
Pro, 97.— Piston Talrc. piston Talve is ofton adopted. 

. , 97, Sj, $2 are steam 

ports leadmg to the cylmder and opening into another cylinder A 

in which the valve works. E is the exhaust port also opening into 
A. The valve consists of a hollow cylinder turned to fit A at BB 
and reduwd in diameter at C. The pieces BB serve as pistons, and 
uncover to steam and exhaust at tlie proper instants. The 
motion of the valve^and the distribution of the steam are pi-eciselv 
the same as in the common slide valve, but the steam pressure 
^ no influence in foit:ing the piston valve against the walls of 
the cylmder A and consequently the valve is driven easily. 
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Double-ported slide valve.— This valve has for its object the 
giving of a large opening to steam and exhaust with a compara- 
tively small ti-avel of the 
valve. In Fig. 98 a, 

S 2 are the steam ports, 
each having two open- 
ings at the valve face. 
B is the exhaust port. 
Passage-s A and B op| 
through the .sides of 
valve into the sti 
chest. Tlie passage^ C 
opens into tlie exhaust 
port. Fig. 98 b shows 

Fir,. 5S.-Df.lrib,,tio„ ot .Ic,™ by moan, of a “P™'"? 

double-ported slide Taiv«. steam and <$9 to exhaust. 

steam is flowing from 
the steam chest direct into Si and also through the passage A into 
the same port. On tlie other side, S-y is open at two places to 
exhaust. A double opening is thus secured with this valve us 
compared with the opening 
which would be obtained with 
a connuon slide valve having 
the same tiavel. The setting 
of the eccentric, laps, etc., are 
identical with those of tlie 
common slide valve. 
jC Trick valve.— This valve 
has been designed to fulfil the 
same purpose as the double- 

ported valve so far as steam go.-Distrilmtion of steam by means 
adiUMsion is concerned. The ofaTrickvaivo. 

cylinder has three openings 

to the steam chest as in the common slide valve, iS|, S.^, E 
(Fig. 99 a). The valve ha.s an internal passage A round which 
steam mav pa.ss. Its exhaust passage B is as in the common 
slide valve. In Fig. 99 6, the valve is seen admitting steam 
to Si direct from the steam chest and also through the passage 
A. S^ is in communication through B with the exhaust. A 
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double opening to steam is thus secui*ed for a given tmvel of 
the valve. 

^yliink motions.— Link motions have for their principal object 
the revei-sal of the direction of rotation of the engine. Two 
eccentrics are employed and are 
set as shown in Fig. 100. An 
arrangement of links and rods 
is introduced whereby either 
eccentric may be used to drive 
the slide valve. Should be 
in gear with the valve, clock- 
wise rotation w’ill occur, and 
anti-clockwise rotation will be 
produced when gears with 
the valve. 

In Stepbenson’s link motion, an * 

outline diagram of which is shown in Fig. 101, a curved link has 
its ends J and B connected to the eccentric rods E,.\, ES. 



Fio. nf two eccentrics cm* 

plo^'cd in link motions. 



5 F m the valve rod, engaging with the link at B by meahs of 
block which may slide in the link. QDF is a bent lever pivote 
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at D, and connected to the link AB by a rod FB. The bent 
lever is operated by means of a hand lever KL and rod HG, and 
when this is done, the link AB will be raised or lowered until 



either B or .1 coincides with -S. In the former case, will 
drive the valve direct, the other eccentric meanwhile causing the 
link AB to vibrate without communicating any of its motion to 
the valve. The radius of the link AB is equal to the length of 
the eccentric rod or nearly so. Details of construction of this 
link motion will be found in Cliaps. XV. and XVI. 



In the Gooch link motion, the convex side of the link faces the 
eccentrics (Fig. 102). The valve rod is made in two parts jointed 
at D and connected to the link at 5 by a sliding block. The link 
715 is suspended by means of a rod BM attached to a fixed centre 
at J/, and is not i-aised or lowered. Reve>-sal of the "‘otion is 
accomplished by raising or lowering the rod SD, a bent lever OBh 
and rod GF being provided for this puipose. KL is a rod leading 
to the hand lever. 
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The link motion is a combination of the Steplieiison and tlie 
Gooch link motions. In Fig. 103, AB is the link and is made 
straight. The link is suspended by a rod GF connected to a T 
lever GMLK by means of which it may be raised or lowered. The 
valve rod is in two pieces as iji the Gooch gear, and the portion SB 
is suspended by the rod HK which is connected at K to the T lever. 
Movement of the T lever by pulling the rod LiV towards tlm right 
will raise the link and lower the valve rod SD. 

Variable cnt-off in link motions.— By bringing tlie sliding 
block a in any of the above link motions to some intemiediate 
point in the link AB, both eccentrics will contribute to the motion 
of the valve. The resulting motion is best studied by aid of a 



model, such as is to be found in most laboratories, or the link may 
be di-awn in sevei-al different positions, and tlie position of the 
valve corresponding to any given crank angle will be thus found. 


An approximate solution is due to Mr. Macfarlane Gray, and 

consists in finding the radius and setting of an equivalent eccentric, 

which, if connected direct to the valve, would give to it nearly 

the same motion as that which it derives from the actual eccentrics. 

Fig. 104 shows the method applied to a Steplienson’s link motion. 

Connect the eccentric centres with a ciroular arc of radius found 

from F. F. vP A 

Radius 


Divide the arc at in the same proportion that the point S 
divides the link AB. Tims 


E^E:EB^=AS:SB. 

Tlien OE is the equivalent eccentric. Notice that it is of shorter 
radius than the actual eccentrics and has a greater angle of 
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advance. The genei-al effects of “ notching up ” the link will there- 
fore he to inci’ease the lead, to diniinish the travel of the valve and 
consequently the opening to steam, and to cause all the events to 
occur earlier. Should the eccentric rods be crossed for the given 
position of the crank OC', the construction differs fmni that 
given only in making the arc £’,£*£', convex towards the centre 0. 
Crossed rods cause the travel of the valve and also the lead to 
diminish very much on notching up the link ; the arrangement 
is seldom used. 

Expt. 27. — Test on your valve model a given valve operated by 
Stephenson’s link motion. Note the crank angles at which the events 
occur for different settings of the block in the link. 



Fl o- 101— Mcrer' s vakc gear for sacuring a variable cut-off. 

I Meyer's valve gear.— In Meyer’s gear there are two slide 
halves, one working on the back of the other. In Fig. 105 a, V,n is 
a slide valve made of extra length and having the usual exhaust 
port C. A and B are two ports pa.ssing through the valve ; steam 
enters the cylinder ports S 2 after passing through A and B. 
Vj is another valve working on the back of r„, and consi.sting of 
two blocks D and E screwed to fit the right and left handed 
thread.s on the valve rod F. • Rotation of the valve rod F "ill 
cause the blocks D and E to approach or recede from one anotlier, 
depending on the direction of rotation, and by this means the 
object of the gear is fulfilled, viz. to obtain later or earlier cut-off 
is called the main valve and F, the expansion valve. 
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There are two eccentrics, one for drtnng each valve. Tlie main 
eccentric driving r„ is set as for a common slide valve, and the 
main valve is given sufficient lap to cause it to cut off at the latest 
point required. Release and cushioning are controlled entirely by 
the port C in the main valve. 

The expansion valve serves the sole purpose of effecting an early 
cut-off. Tlie eccentric driving it is usually of the same radius as 
that driving the main valve, so that both valves have the same 
travel. The expansion eccentric is generally set exactly opposite 
the crank, although this position may be varied slightly. 



Cut off will be effected for the left-hand side of the piston when 
the outer edge of the block D comes over the outer edge of the 
port A as shown in Fig. 105, b. In this, position the distance 
between the centres of the valves will be equal to c, c being the 
distance from the edge of Z) to the edge of A when both valves are 
brought to the middle of their travel. 

The setting of the eccentrics is shown in Fig. 106. The crank is 
shown on the dead point. 0.V will be equal to the outside lap plus 
the lead of the main valve. is the main eccentric and a its angle 
of advance. E^ is the expansion eccentric set opposite the crank. 

In this diagram OM is tlie displacement of the main valve from 
its mid-position and OE^ is that of the expansion valve. The 
distance between the valve centres will therefore be equal to ME,. 
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In Fig. 107 is shown the ci’ank and eccentrics in any other given 
position. OM' and OX will be tlie displacements from mid-positions 
of the main valve and the ex|)ansion valve respectively, and there- 
fore XM' is the distance between their centres. When XM' 
becomes equal to c in Fig. 105, cut-off occui's. 

A convenient construction for giving the distance between the 
valve centres for any crank position is as follows. Join E,„E,. in 
Fig. 106, and draw OR equal and oarallel to Draw RK 

perpendicular to CO. 
Then the triangles ORK 
and OEnE, are equal 
in all respects, and 
therefore' OK is equal 
to MEz and consequently 
shows the distance be- 
tween the valve centres. 
Carrying out the same 
construction in Fig. 107, 
it will be easily seen 
that OK' is etjual to 
XM' and is therefore ' 
again equal to the dis- 
tance between the valve 
centres. OR may there- 

Fic.lOS.— ResultantcccentricinMeyer'svalvcgcar. fore be taken as a re- 
sultant eccentric, which 

will show, for any crank position, the distance between the valve 
centres. OR will rotate with the crank and will be in advance 
of it by the angle C'OR. 

To find the position of the ciank at cut-off for a given value of c 
in Fig. 105, draw a cii'cle to represent the jwths of En and Ez and 
another to represent the path of R (Fig. 108). Make Oh equal 
to c, and draw KR parallel to UD. This will give the position of 
OR at cut off. Set back the angle ROC^, taken from Fig. 106, thus 
giving OC.,., the crank at cut-off It will be noticed that the smaller 
the value d c is, the earlier will be the cut-off, i.e. separating the 
blocks of the expansion valve gives earlier cut-off, and bringing 
them closer together gives later cut-off. 
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EXERCISES ON CHAPTER Vni. 


1. The connecting rod of nn engine is ^ times the length of the 
crank. Find, by drawing, tlic fraction of tlic stroke accomplished by 
the piston when the crank has rotated 30*, 60°, 90°, 120°, 150°, from 
the inner dead point. Make a table of your results. 

2. Explain how the slide valve for non-e.xpnsive working may lie 
modified in order to produce expansive working. What alteration 
must be made in the ocecntric setting? Confine your answer to tlie 
pointy of admission and cut-off. 


he travel of a slide valve is 2J'', the outside lap is and the 
lead is jl". Find the angle of advance, and the crank positions at 
admission and cut-off. 


4. Ill question .3, suppose that there is no inside lap and find the 
crank positions at release and cushioning. 

5. Take the results obtained in questions 3 and 4, and draw the 
hj-pothetical diagram. Assume that the connecting rod is 4i times 
the length of the crank, the admission pressure 80 lbs. per squara inch 
l>y g<'^uge, and that the engine is non-condensing. 

6. Give sketches and description of a piston valve, or of a double- 
ported slide valve. 

7. Sketch and describe a slide valve having a relief frame. 

8. Explain by reference to an outline diagram the construction and 
action of Stephenson’s link motion. 

9. Ans’ver question 8 for tlie case of ci-ossc<l eccentric rods. M’liat 
changes will this arrangement effect in the cycle when the gear is 
“notched up”? 

10. Give sketches and a description of Meyer’s valve gear. Explain 
how the cut-off is affected by altering the positions of the expansion 
blocks. 


11. Draw a slide valve in its mid position, and in dotted lines show 

its ^sition at the beginning of the stroke of the piston. Explain how 
it distributes steam. What do we mean by half-travel, angular advance 
and lap of a valve ? jgQ 5 

12. A slide valve is worked directly from an eccentric. The advance 

is 30°. When the main crank has moved 20° from the line of centres, 
show the position of the eccentric crank. The half-travel of the valve 
being 3 inches, mark off this radius and drop a perpendicular on the 
line of centres : w’hat have you thus found? 190 g. 

13. If steam is cut off both in the down and up strokes of a vertical 
engine (the crank below the cylinder) when the crank makes an angle 
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of 70* with a dead point ; show that this means a later cut-off in 
the down stroke than in the up stroke. Is tins a good or a bad 
result? 1900. 

14. A link motion or other gear for a slide valve will reverse an 
engine, but suppose we do not reverse the engine ; suppose we only 
change from say fvdl to half gear, state clearly what it is that is 
really affected by the change, sketch also the probable change in the 
indicator diagram. 


CHAPTER IX. 


/ MECHANICS Of THE ENGINE. 

/ Turning moment. — The forces acting on the piston of'.m 
engine are transmitted tlirougli the piston rod and connecting rod, 
and so exert pusli, or pull, on the crank pin ; these forces acting on 
tile crank pin liave a tendency to rotate the crank shaft, which 


I 



Fiq. lOd.^McasuretsoDt of Iho turning moment. 


tendency is described as the turning: moment. The moment of a 
force is measured by the product of the magnitude of the force and 
the length of the perpendicular dropped from tlie axis of rotation 
on to the line of action of the force. In Fig. 109, AB is the con- 
necting i-od and BC the crank. $ is a force of 15,000 lbs. acting 
along the connecting rod. To measure the turning moment of Q, 
drop a perpendicular CD from C, the axis of rotation, on to the 
Ihie of the connecting rod, producing it, if necessary. Suppose 
CZ) to be 22 inches, then 

Turning moment= T=- 15,000 x 22 

=330,000 ]b.-inches 
^=27,500 lb.-feet 
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Forces acting at crosshead.— In gesiei-al, tlieie will be three 
forces acting at the crosshead pin, viz. the foi-ce P acting along the 
piston rod (Fig. 110. i), the force Q along the connecting rod, and a 
reaction 5 coming from the guides, these three forces being in 
equilibrium. If we neglect friction, 5 will always act at right 
angles to the line of the stroke. A.ssuming friction absent for our 
present purpose, the values of Q and S can be found, if we know P, 
by an application of the parallelogram of forces. Thus, set ofl’da 



Flo. of tbc forces acting: at tho crossbead for a crank having 

clockwise rotation. 

to represent P to a convenient scale of force, draw ah jwrallel to 
AB cutting the line of N in i ; draw he parallel to AC cutting the 
connecting rod in c. Then, to the scale of force, cA gives the force 
Q in the connecting rod and Ah gives S the reaction of the guide. 

Fig. 110 ii shows the crank in another position in the return 
journey. P and Q now act in opjw.site directions, the piston ami 
connecting rods being under pull. Notice that S, the reaction of 
the guide, still acts upwards. Sup|>ose, however, we reverse the 
direction of rotation and draw diagrams as in Fig. Ill, it will 
be found that the reaction of the guide is always a downward forca 
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This shows the necessity for designing the slippei- so tliat both 
upwai-d and downward reactions are suitably provided for in 



Fio. lU.-DiagTOm of the forces acting at the crosshcad for a crank Jiavin? 

Anti-clockwise rotation. ^ 


engines which are intended to reverse (Fig. 112); and it is 
customary to do so in all engines as there is a liability for the 
direction of the reaction of the guide to be reversed wlien the 
crosshead is nearing the ends of its stroke. 



Pio. ni-Tlic slipper must guided on both sides in engines intended 
to reverse. 

1 Pores acting on the piston.-To obtain the net force acting on 
fte ^ton when tbs crank is at any given position, the following 
method nay be employed. It is a.ssumed that an indicator diagram 

«n be dL®r "S f “f or that a diagram 
Mil!T topresent the true 

Ke^ ’’■'r outline 

maHncef 'rank and connecting rod on a centre line AC, 

lenL^ofthe • d . oq"*' i" Wth ia Al, the 

^l^of the indicator diagram, c and f being projeeled fre^ A 



130 


STEAM AND OTHER ENGINES. 


and L respectively. Tlie ci’ank I’adiiis BC will be one half of ef 
and the length of the connecting rod AB should be calculated from 

/15:5C'=actual length of connecting rod:actual length 
of crank. 

Examining the left-hand indicator diagram, which shows the 
pre&?ures on^’the left-hand side of the piston throughout a revolu- 
tion of the crank, it should be noted that the curve ah gives the 



Fic. n3.-T>iagram of tUc forces acting on tbc piston. 


pressures on the left side of the p.ston during the 
'troke the remninder of the curve from h back to a gives the back 
iressure on the s,ame side of the piston during the ..turn st.ok . 
The back pressure on the piston during the left-to-nght stroke «i 
b gi cn by the curve belonging to the right-hand diagram 
is convenient to plot a diagram showing the net pri^u.-e on the 
pisZ Uis U sUnin Fig, U3 ii, immediately 
Lor diagram, and is obtained by copying the curves 
from the curves ab and <d of the indicator diagraim 
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may be taken to lepiesent the piston position, the stroke of the 
piston being then regarded as from « to /. From A draw Agh 
perpendicular to AC, cutting the curves of the diagram in g and h, 
and the atmospheric line in .r. The pressure per square inch, 
reckoned above atmospheric pressure, on the left-hand side of the 
piston, will be given by xk to the scale of pressure, and that on the 
other side of the piston will be given by xg. To obtain tlie total net 
pressure on the piston, it will be roniembered that the full area of 
the piston is available on the left-hand side, and that the area of 
the piston rod must be deducted from the right-hand side. 

Let /)=diamoter of piston, in inches. 

f/=diameter of piston rod, in inches. 

^=total net pressure on piston. 

Then 


R 


=(p, 


essure xh x 



pressure xy 





For practical purposes it is often the custom to neglect the 
diminution in effective area of one side of the piston due to the rod. 
Accepting this appro.ximation we may write 


^=pressure gh x 


4 



It will be noticed that by this approximation the height of the 
diagram between the two curves gives the net resultant pressure 
per square inch on the piston at any instant. The resultant will 
act towards C for all parts of the str oke excepting that por tion 
which lies to the right of the point tn (Fig. 113 ii), where the curves 
cross. Within this latter portion the resultant acts away from C', 
as shown at R\ the effect being due to the cushioning action. 

The diagram for the return stroke is constructed in a similar 
manner and is shown immediately below the line of the stroke 
(Fig. 113 iii). Such diagrams are railed piston effort diagrams. 

Force acting in the piston rod.— If nothing were to interfere, 
the force with which the piston rod acts on the crosshead would 
be equal to the net resultant pressure on the piston. The friction 
of the piston rubbing in the cylinder and of the rod rubbing in the 
stuffing-bor diminishes the available force. We may neglect the 
effect of friction for our present purpose and proceed to examine 
a more important matter. It is a well-known principle in 
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iiieclianics that force is required to produce any change in the Telocity 
of a body. Thus, if a body is at rest and has to be set into motion, 
force is required, and a body which is in motion requires the 
application of a force in order to bring it to rest. In fact, all 
bodie.s possess inertia, which is the property of disinclination to 
alter the state of rest or of uniform velocity in a sti-aight line. 
Eorce is required to overcome inertia. The force required to 
produce a given change of motion in a body is measured by 


n tea .. 

P = — lbs. 

9 

Where /’= force required, 

jt;=weiglit of body in lbs. 

«= acceleration, of body in feet per second 
per second. 

acceleration due to gravity, which may 
be taken as 32‘2 feet per sec. per sec. 

The aoocleration is measured by dividing the change in velocity 
in feet per second by the time in seconds in which the change took 
place. 


Example. The piston of an engine weighs 140 lbs. and is brought 
from a state of rest to a velocity of 6 feet per second in 0'5 second. 
What has been the average acceleration? What average force must 
have acted on it ? 

Here the change in velocity is (5 feet per second, thercfoi-e 


Average accelei-ation = 


change in velocity 
time 


0 

= — =12 feet per sec. per sec. 
Oo — 


Average force, 


140x12 
■ 32-2 
=52'2 lbs. 


Effect of inertia.-The piston, piston rod, and crosshead called 
the reciprocating parts, con)e to rest at each end of the stroke, and 
have different velocities at every part of the stroke, t.e. they 
undergo acceleiation, and consequently force is i-equmed to give 
them the proper acceleration and so overcome their inertia. 
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Expt. 28.— Hang a helical spring to a spring balance suitably 
supported on a stand (Fig. 114) and attach a weight to the lower end 
of the helical spring. Pull the weight down 
three or four inches and let go. The weight 
■vrill vibrate up and down, coming to rest at 
the top and bottom of its vibration, in very 
much the same manner as the reciprocating 
parts of an engine. Notice the varying forces 
shown by the spring balance. Tlicsc arc due 
to tlie varying accelerations of the vibrating 
weight. Instead of hanging the spring balance 
to a stand, hold it in your hand and let 
anotljcr student set the weight into vibra- 
tion. The varying forces may now be felt 
and will give a clear insight into the matter. 


The calculation of the actual accelerations 
of the reciprocating parts is beyond the 
scope of this book. The following simple 
method of allowing for tlie fortes required 
may however be employed. 

When the crank is at A' (Fig. 113), the 
cro.<whead will be at e, and the force then 
required to produce the nece&sary acceleration 
in the reciprocating parts will be given by 

(’n) (') 

acting towards C. 

When the crank is at I' the crosshead will be at /, and the 
foree now required will be 



Fin. 114.— An ciipcrimcn'; 
on incriia. 



acting away from C. 

In equations (1) and (2) 

ir= total weight of reciprocating paits, lbs. 
v=s velocity of crank pin, feet per second. 
r= radius of crank, feet 
Z=length of connecting rod, feet. 
j=aeceleration due to gravity. 
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To calculate the velocity of the crank pin, 

Let revolutions of crank per minute. 

Then Revolutions per sccon(l=^, 


v=2‘7rr X ^ feet per second. 


It may be assumed that, when the crank and connecting rod ai-c 
at l ight angles to each other (Fig. 115), the reciprocating parts 



Fic. 115.— Diagrams showing the force given by the piston rod to tho 

cro^sbead, witb allowance for inertia. 


liave no acceleration and consequently no force is required in these 
positions. This will occur twice each revolution, as shown in 
Fig. 115 at i5 and B'. A diagram showing the force required to 
overcome inertia per square inch of piston area may now be drawn 
by taking a datum line projected from the ends of the stroke of 

the crosshead (Fig. 115 i), setting off an ordinate where a is 

cl 

F 

the area of the piston in square Inches, another oi-dinate below 
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the datura line to show tliat the foi-ce acts in the contrary direction, 
and ending the point n where there is no acceleration as above 
described. A fair curve drawn through pnq will give a good 
approximation and will enable the force required to overcome 
inertia for any piston position to be found readily. The sciile of 
force most conveniently taken is one the same as that of the 

indicator diagi-am in Fig. 1 1 3. , 

Diagram with allowance for inertia.— Tlie diagrams in tigs. 
113 and 115 i may be conveniently combined so as to show the net 
resultant force with which the piston rod acts on the crosshead. 
Thus, taking the diagram for the left-to-right stroke as shown in 
Fi". 113ii and leconstructiiig it as shown in Fig. 115 ii by taking a 
datum line .\L and setting oH' ordinates h taken from the breadths 
g/i in Fig. 113 ii, a curve ahc will be piwluced which shows the 
net resultant pressures on the piston per squai'e inch of its area, 
measured from xlL. Now copy the diagram of inertia forces from 
Fig. 115 i giving the curve pnq. Any ordinate such as def being 
taken, rf/" represents the net force on the piston, de represents the 
force required to overcome inertia, consequently the difference 
ef will give the net force per square inch of piston area which 
reaches the crosshead pin. Heights therefore between the shaded 
curves in Fig. 115 ii will give the desired information for any 
piston position. The return stroke diagram is shown in Fig. 115 iii. 

It will be noticed that the general effect of inertia is to produce 
a much more equal effect on the cro.ssliead tlian would be the case 
if the actual forces acting on the piston were to reach the 
crosshead. 


Effect of inertia of connecting rod.— The inertia of the con- 
necting rod modifies considerably the force which would otherwise 
be exerted on the crank pin. The connecting rod has two move- 
ments, one of translation in the direction of the line of the stroke 
and one of rotation about the centre of the crosshead pin. Both 
these movements undergo acceleration and consequently forces are 
required to act on the rod in order to overcome its inertia. The 
exact solution is much too complex to be described here. A 
simple approximation is to consider one portion of the weight of 
the rod to be reciprocating with the crosshead, this weight being 
added to the weight of the other reciprocating parts. The 
remainder of the weight of the rod may be considered as being 
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attaclied to the crank pin and simply rotating with it. In the 
case of a unifonn rod the proportions would be half the weight 
to the crosshead and the other half to the crank pin. 

Other effects of inertia.— The student will have observed in 
carrying out the experiment with the vibrating weight (p. 133) 
that forces were being communicated to the supports of the 
vibrating system, i.e. the stand or the body of the person 
holding the spring balance. Precisely the same effect occurs in 
the case of an engine. The inertia of all the parts produces 
reactions on the frame of the engine ; such reactions being trans- 
mitted to the foundations may result in troublesome vibrations 
being set up in the surrounding buildings and may prove to be a 



Fio. 110.— Cons true tioD for determining the turning moment on the cnink. 

nuisance. The effect is often particularly noticeable on board a 
ship driven by a propeller. In such cases, the engines are .-^aid 
to be out of balance. A perfectly balanced machine (for example 
a plain revolving disc) communicates no vibrations to its support.-^, 
that is to say, there is no resultant reaction given to its frame. 
The methods of securing balance are too complicated to be treated 
here ; but the student will understand the principles to he 
' followed, viz. there must be no i-esultant force or couple due to 
the inertia of the moving parts of the machine. 

Turning moment diagram. — An important part of the work in 
the de.sign of an engine consists in estimating the turning moment 
on the crank throughout the revolution in order that means may 
be taken for rendering it as uniform as possible. Let AB and BC 
be the connecting rod and crank (Fig. 116). Diaw JJD through C 
perpendicular to the line of stroke AC. Let Q lbs. be the net 
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resultiant force given by the piston rod to the crossliead. Let Z bo 
the point in which the connecting 
rod, produced if necessary, cuts 
the line VD. Measure CZ in feet 
to the scale of the diagram. Then 
it may be shown that 
Turning moment 

= 7’= (? X Ib.-feet. 

To draw a diagram of turn- 
ing moments, calculate T for 
crank angles differing by say 30* 
throughout the revolution and 
set off the calculated values along 
the direction of the crank outside 
the crank pin circle as shown at 
/(/’(Fig. 117). Draw a fair cuiTe 
through the ends of the vectors, 

thus producing a polar tumincr 117.— Tuming mumont diagi-am 

. .. ® , for a single crank engine. 

moment diagram. The example 

showTi in Fig. 117 is for a single ci'ank engine; it will be 




jassing through X and T (Fig. n6)-heiice the name given to 
these points, viz. dead centres. 
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Ill the case of engines having two or more pistons working on 
ci-anks at various angles, a turning moment diagi-am is drawn for 
eacli crank and a combined diagi’am is then drawn by adding 
together corresponding vectoi's. Fig. 118 shows such a diagram 


L6.INS. 



for a two crank engine, ci-anks at 90’, and Fig. 119 gives a 
diagraiu fora three ciank engine with cranks at 120’. The last 
diagnain shows tlie uniformity which may be obtained by suitably 
arranging the cylinders and cranks ; the engine for which it has 
been drawn is illustrated in Fig. 202. 
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Mean turning moment.— The mean turning moment acting on 
the crank shaft may be calculated from given particulars. Tims, 
Let, 7’„ = mean turning moment, Ib.-feet, 

n.p.=horse-power developed on the cranks, 
revolutions per minute. 

Then, Work done in one rev. = 7’„ x 2jr Ib.-feet. 

Work done per min.=2ff7’„A^ Ib.-feet. 


_27rT^N 

” 33,000 ■ 



7’„ = Ii:F:5W'^lb,-feet 

2iry 


Example. The total h.p. of the triple expansion engine liaving the 
turning moment diagram as shown in Fig. 119 is 1262 at 143 revolutions 
per minute. Calculate the mean turning moment. 

„ It. p. X 3.3,000 

^ 

1262 X 33,000 X 7 
~ 2x22x143 
=46,330 Ib.-feet. 

=556,000 11). inches. 

A circle MTif representing this mean turning moment has been 
drawn in Fig. 119 and enables the actual turning moment to be com- 
pared )vith the mean. The ratio of maximum turning moment to menu 
in this example is 1*187 to 1 ; and of minimunt to mean 0*85 to 1. 

^ riuctuations in speed of rotation.— In general it is desinible 
that the speed of rotation of the engine shaft should be as uniform 
as possible. In attempting to secure this, the engineer has to 
consider the effect produced by the want of uniformity in the 
turning moment during each revolution, and also, in some cases, 
considerable alterations of short duration which may occur in the 
resistance offered by the machinery being driven by the engine. 
Assuming that the resistance offered is uniform, it will be noticed 
that the energy abstracted from the engine shaft will be taken at 
a uniform rate throughout the revolution. Should the turning 
moment applied by the engine to the shaft not be also perfectly 
uniform, and just sufficient to ovewome the moment of resistance, 
80 that the energy being delivered to the shaft is equal to the 
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energy being iibsti'acted from it tlirougbont the revolution, the 
shiifrwill be subject to changes of speed, and will even have a 
jerky action should there be great want of uniformity in the 
turn'in" moment such as would occur in a single cylinder engme. 

Kxce* s energy given to the shaft above what is required to 
satisfy the demand must remain in the engine as additional kinetic 
ener-'V in the moving parts, and these can only store additional 
enern- of this kind bv moving at a faster mte. As the energy 
bein'devch.ped falls again, or. if the demand for energy increases 
tlie excess kinetic energy is abstracted from the moving parts and 

tlie speed accordingly will diminish. 

Tlie student mav consider one or two typical examples of sudden 
eluinges in the demand for energy and the consequent efiect on the 
sneed. Consider a machine for punching holes in metal plates 
driven direct bv a steam engine. So long as no metal is being 
actuallv punched, the punoli rises and falls, doing no work, and 
the onlv demand for energy is that required to overcome the 
comparatively small frictional resistances of the moving pai 
The demand will increase enormously during the short time tha . 
hide is being punclied, and this must be provided for sinta 1 . 
A-ain. consider the case of a steamship driven by a screw pioF le . 

Should the ship be running in quiet water the ^ 

-ilwavs under water, and the resistance offered to its rotation im 11 
be imarlv constant. As the turning moment is also very uni orm 
in such’ engines, the speed of rotation will be nearly constant 
Suppose the ship to be among waves so that she is P*^^ ; 

her item and stein rising and falling. 

such Hcase that will cause the propeller to be lifted out ot the 
water for a few seconds, with the result that the P‘^' J 

Jhe i esilnee to rotation is removed. The engines will then 
.reatlv increase the speed of revolution, unless proper p 

visio"i is made to guard against this occurring. 

Another kind of speed fluctuation is due to the supply ot en ^ 

to“ 1 beingVeater or less 
or may fall to zero. ^ 
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Means of securing steady speed.-In the case „f mdi.my 

stationary engines, steadiness in tl.e n.ol.™ is o l.tanied l.y ti n 
„ns A heavy flywheel is inounteil on the cnnik shaft so a> to 
rr^ iht tl.e object being to give a lavge ad.lition to the 
mass of the moving i>arts of the engine ami so to enable a much 
larger qkntitv of kinetic energy t<. be stored. Coini)aiatneI> 
smalTand rapid tiuctuations in the demand for energy an- me 
from the large store of kinetic energy m the Ilywheel, wl.uh 
consequently changes its speed to a very small extent only, dei ky 
action is also thus avoided, whether due to want of unifm nn y m 
tKiT^istances or in the turning moment. The great mass of the 
flywheel prevents, by reason of its inertia, any nM.ul or consider- 
able change in its speed occurring such as would bo jn.xlmrd m 
the crank shaft without it. l].c second means is to have a 
governor of some sort driven by the engine, tin- function of this 
appliance being to adjust the admission of .steam, gas, or oil, to the 
cylinder so as to secure a supply of energy to the cylinder just 
sufficient to meet the demand. Such governors are arraiigo-d to 
reduce the supply of working stuff to the cylinder, should the 
speed of the engine increase above the proper amount, and to 
increase the supply should the speed fall. By the use of governors, 
the speed is thus maintained at a given average unnumt, and the 
‘ deviation from this prearranged speed is kept small. 

Many engines have no flywheel such as described above. In 
locomotives the great mass of the locomotive it.self when in imUion 
prevents any jerky action and thus takes the place of a tlywhee 
Flywheels are not used on board sliip unless in the case of small 
auxiliary engines. Marine engines driving propellers liavc two or 
more cranks placed so as to secure great uniformity in the turning 
moment, and this is found to be sufficient. Modern paddle 
engines ai-e also generally arranged with two cylinders so disposed 
as to equalise the turning moment. Want of space prevents the 
use of large flywheels on board ship and another more serious 
consideration is the gyrostatic effect of a heavy revolving Mheel. 
Such wheels run well without producing forces on the bearings 
provided they are always kept I’otating in one plane or in planes 
parallel to a given plane. But if any attempt is made to change 
the inclination of the plane of rotation a great resistance is 
encountered. The student who wishes to realise what would be 
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the effect on the bearings of a shaft carrying a heavy revoiviii" 
flywheel in a ship among waves should perform the following 
experiment. 

Exrx. 29. —Take a bicycle wheel out of its frame and liold it in a 
vertical plane by means of tlie axle pin, one hand on each side of the ■ 
M heel. Another person should now revolve tlie wheel rapidly. Let the 
student holding the wlieel now attempt to turn it over so tliat its 
plane is horizontal. The resistance encountered will give a very keen 
appreciation of the effect on the l)earings and hull of a ship in the 
case of a large wheel. 


Energy stored in flywheels.— It is shown in mechanics that a 
body of mass m lbs. moving with a velocity of v feet per second 
possesses kinetic energy of an amount given by 

o 

7I\ C* 

Kinetic energy='^ foot-lbs., 

^ 2 // 

^ being tlie acceleration due to gravity, whicli may be taken a.s 
32 2 feet per .sec. per sec. for all jrlaces in Britain. We may find 
approximately the kinetic energy of a flywheel by considering 
its mass to be concentrated at the mean radius of tlie rim. Let 
r ft. per sec. be tlie velocity of a point at this mean radius, and 
the mass of the wheel in lbs. ; then 

Kinetic energy=-^ foot-lbs. 

Ex.amplk. Suppose the mass of the rim of a flywlicel is 10 tons and 
its mean radius is 6 ft. Find its kinetic energy when rotating 90 times 
per minute. 

Revolution.s per sec. 

* on 

Velocity of a point on the wheel at 6 ft. radius 

= m»*an circumference x revs, per sec. 

o c ^ 

= 27rxbx — 

ofj 

= per sec. 

Kinetic energy = ^ footdons 

2(j 

_ 10 X .396 X 390 
~ 64'4x7x7 
=496 '9 foot-tons. 
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“M” of a flywheel. — Since the kinetic energy posaes-sed by a 
body of given mass depends on the square of its velocity only, 
we may state that the kinetic energy of a given flywheel is simply 
proportional to the square of the revolutions per minute. If, 
therefoi’e, we know the kinetic energy of the wheel at any given 
speed, say one revolution per minute, the energy at any other 
speed may be easily calculated. It is customary to use the letter 
U to denote the kinetic energy of a flywheel at one revolution per 
minute. 

Let ^r= kinetic energy of a wheel at iV revs, per min. 

Then, JA:K=1:iY^, 

or, /{=KN^. 


Fluctuation of speed in flywheels. — We may easily calculate 
the fluctuation in tlie speed of a flywheel if we know the fluctua* 
tion in the demand for energy. Thus, suppose a wheel of mass m 
lbs., to have a mean radius r feet ; then, if tlie velocity of a point 
at the mean ladius is fj ft. per sec. at a given instant, 


Kinetic energy = /f, = ft.-lhs. ( 1 ) 

Suppose cow that there is a demand for ir ft.-lbs. of energy 
which has to be met by tlie stoi'e of energy in the wlieel. Tlie 
wheel will slow down while supplying this. Call v.^ tlio 
velocity of a jwint at the mean radius when tho change is 
complete ; then 

Kinetic energy=A'i=^ft..lbs (2) 

The wheel loses kinetic energy = A', and this has been 
transforni^d into W ft.-lbs, of iD^chanicul work, 



mv^ 



« 
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Example A wheel of mass 2000 lbs. at a mean radius of 3 teet 
has a speed of 180 revolutions per minute. Suppose 4000 It.-lbs to 
be abstracted from it and calculate its new speed. 


and 

Now. 


180 ^ 

>-,= ijjx2Tr 

“>2 

-3x2x^x3 

396 

= -y-=oo-o/ ft. per sec., 


v,==3200. 
rY-v.? = %V 


m 

= 128-8. 

1-2^=3200- 128-8, 

1 - 3 = 

=55-4 ft. per sec. 

Let new 8 pced=iV 2 revolutions per minute. 

55-4x60 

•» — 

2Tr 

55-4 X 60x 7 
“ “2“x 22 X 3 

= 176-3 revolutions per min. 

The wheel therefore loses 3-7 revolutions per minute wliilc giving up 
4000 ft. -lbs. of energy. 

Example ii. Calculate M of the wheel in Example i. 

At one rev. per min. , v= x 2ffr 

V 

To 


= Yjj feet per see. 
M = 


2fir 


2000 xir2 


2x32-2x10x10 
=3-068 ft. -lbs. 


Example iii. Calculate the energy stored in the same wheel at 
1-20 revolutions per minute. 

Kinetic energ}’=M.y- 

=3-068x120x120 
=44180 ft. -lbs. 
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y/centrifugal governor.-The action of tl.ese goveinois haa 
'^Hh-eadv been explained in Chapter I. p. 11. Suppose a body to bo 
secured to the end of a cord and whiiled in a circle. It will bo 


found that an outward force acts 
constantly on the hand ; this 
force is called centrUUgal force, 
and its amount may be calculated 

from i^^^lbs. 

O 

where 

ir= weight of body in lbs. 
i‘=velocity in circular jwth, 
feet per sec. 

Q'=Kccelerdtioii due to gravity 
=32'2 feet per sec. per sec. 
r=iadius of circle in feet. 



Fiii. 120.— Dirtgrant sliowingr tlic forces 
uctini; oil H Ijitll uf u simiilc (^ovcniur. 


Consider the forces acting on one of tlie balls of the simple governor 
shown in outline in Fig. 120. There will be its weight, II’, the 

Wyi 

pull of the arm T and the centrifugal force If tlie ball is 

»/ 

rotating at a steady speed it will beep at a consUnt radius r from 

the axis J and these forces will be in equilibrium. Let h be the 

height in feet from the plane of revolution of the balls to A. Then 

it can easily be shown by an application of the parallelogram of 

forces that U'r^ , 

: 11 =)•:/<. 


9>' 


It therefore follows that — -/i = IIV, 


r- 




( 1 ) 


Let *V=revolutions per minute of the ball, then 

2irriV 


i’ = 




givhig by substitution in (1) 


h=g 


r2x60x60 


_360(V^J_feet 

A* 


4jr* 
constant X 


1 


( 2 ) 
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Tliis result shows tliat h is independent of the weight of tlie hall 
and of the length of the arm, and depends only on'^the reciprocal 
of the square of the revolutions per minute in this type of 
governor. A governor of this class, however, is only suitable for 
low speeds of revolution, as at higher speeds the arm* to which the 
ball is attached comes nearly to the horizontal. Tiie arm works 
best at an angle of al)out 4.o*, as then a decided movement is given 
to the sleeve for a small change in speed. For liigher speeds a 
loaded governor, such as is shown in Fig. 1!>, ]). 12, is required. 

In a governor of the last mentioned pattern, it may be shown 


that 




})l% / 

I 


1 + 


iL.U 


feet 


—di. constant ( 1 4- 


"'.u 




Where irj = weight of the dead load, 

ir= weight of one ball, 

A’= revolutions per miimte of spindle. 

We therefore deduce from this ecjuation that any increase given 
to 11 ',, will increase the value of /», thus bringing the balls nearer 
the spindle for the same speed of revolution. To make the balls 
rotate at the same radius as before, the speed of revolution must 
be increased. — 

of~governors.— For a governor to work propeily it 
stability. A stable governor has a detinite position 
of balls for each speed, and any small change in the speed produces 
a correspondingly small change in h. The governoi' is unstable if a 
small change in speed produces a large change in h. Tlie govemor 
should be sensitive, i.e. respond promptly so as to produce the 
required chSirffeTiT tlie position of the throttle valve. Too great 
sensitiveness will cause the governor to overdo its work by opening 
the tlirottle valve more than is required to countenict a slight 
fall in speed. The result will be that the engine will increase 
its speed beyond the proper amount, when tlie over-sensitive 
governor will again close the throttle valve too much, thus pro- 
ducing too great a fall in speed. These fluctuations in speed 
going on continuously are called hunting, llie engine goes hunting, 
as it were, above and below it^poper speed. 
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EXERCISES ON CHAPTER IX. 

1. Explain the meaning of the term “imiiing moment.'’ .An engine 
crank is 1 foot, and tlie connecting rod 4.\ feet, in Icngllj. Draw tlic 
crank and connecting rod in the position when the angle hitwceti them 
is 90°. In this imsition the force exerted hy the piston nxl is Urn. 
Find the turning moment. 

2. In question 1 find the total pressure on the guide for tlic given 
position. What area of sliding surface must the slipper have it tlie 
pi-essure on it is not to exceed 70 lbs. per square inch 'i 

8. Explain clearly the reason for often providing two slipper.s, one 
on each side of the crossl>ead, in engines which frequently reverse. 

4. A steam engine cylinder is 20" diameter. The steam ])resHUte 
on one side of the piston at a certain instant is 15.) llw. ])er sriuure inch 
and on the other side is 17 11)8. per square inch. Calculate the resultant 
force acting on the piston. 

5. Answer question 4 assuming that tlic pi.ston rod is Il.V' diameter 
and is on the low pressnre side of the piston. 

6. Explain clearly tlic reasons u liy tlic resultant force on tlie jiislnn 
as caleulaled in question o docs not arrive at the cro.sshead with the 
calculated value. 

7. The recipi-ocaling parts of an engine weigli 4<X) Ihs. At a given 
instant their acceleration is 2.')0 feet per sec. per sec. Calculate the 
force required to overcome the inertia. 

8. Using dimensions of crank and connecting rod as in question 1, 
calculate the accelerations of the recipi-ocating jiarts at tlie inner and 
outer dead points when running at 159 revolutions per minute. 

9. In quc.stion 1, assume that the reciprocating parts have no 
acceleration in the given position and, using the results found in 
question 8, draw an approximate curve showing the force required to 
overcome inertia during the forward or out-stroke of the piston. 

10. Explain in general terms the necessity for halnncing engines. 

11. An engine is developing 100 it.r. at 180 revolutions per minute. 
Calculate the mean turning moment. 

12. Contrast the action of the fl^'^vhccl and of the governor in con- 
trolling the speed of an engine. 

13. A flywheel has a mean radius of 5 feet. Its mass is six tons and 
it runs at 120 revolutions per minute. Calculate its kinetic energy. 

14. Suppose the fljTvheel in question 13 to give up 55,000 ft. -lbs. of 
energy, what will be its speed then ? 

15. Find the M of the wheel in question 13. Calculate what energy 
will be stored in the wheel at 90 revolutions per minute. 

18. Explain the action of a simple Watt governor. Why arc modern 

governors usually loaded? 
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17. In a loaded governor the balls each weigh 3 lbs., the dead load 
M'eighs 20 lbs., and tlie balls rotate 240 times per minute. Calculate 
h in inches. 

18. Calculate the value of h in question 17, supposing that the speed 
of the governor is diminished 2 per cent. 

19. Describe with sketches how any governor keeps the speed of an 

engine fairly constant. What is meantby hun/inij^ llKtl. 

20. Explain why both the flywheel and governor are needed to 

regulate or govern the speed of an engine. 1905 . 

21. If a piston with its rod weighs 2o0 lbs., and if at a certain 
instant when the resultant total force due to steam pressm-es is 3 tons 
the piston has an acceleration of .320 feet per second per second in tlic 
same direction, what is the actual force acting on tlie crosshcad ? 

190.5. 

22. F lb. is the outward radial force on each ball of a gt)vernor 
required to keep it in equilibrium at the distance r feet from tlie axis 
when not revolving. The folLwing are for extreme cases : 


r 

1 

1 

F 

On 

1 

lOO-l 

0-7 

144-6 


The weight of each Iwll being 10 lbs., what is the centrifugal force of 
each at « revolutions per minute, the radius being r? What are the 
speeds for the above values of r when the govemor is revolving ? 15*06. 

23. Why is an engine balanced? Describe generally any method 
of Imlancing the rotating parts tliat is knotvn to you. 

Imagine a long railway tnick containing an invisible caged lion on a 
level track ; axle bearings frictionless ; imagine the lion to walk back- 
wards and forwards to the limits of its cage, what would an outsider 
observe? Now suppose the wheels of the waggon blocked, what 
occurs? )5HJ.3. 
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BOILERS. 

Boilers.— The function of the boiler is to furnish «a supply of 
steam at the required pressure, of quality as nearly dry as possible. 
There are many different types of Iwilere, and iji the selection of 
one to work under given conditions, attention must be paid to 

(«) Tlie suitability of the design for safely carrying the projxwed 
steam pressure. 

(&) The efficiency with which the potential energy of the coal 
or other fuel is converted into heat in the steam. 

(c) Accessibility, both externally and internally. 

(rf) Space occupied. 

(c) Speed with which steam can be raised, starting with cold 
water and fires out. 

Boilera are either fire-tube or water-tube. In fire-tube boilera, 
the furnace gases are led through tubes around W’hich water 
circulates. In water-tube boilera, the water occupies the intei ior 
of the tubes and the gases pass over them externally. In general, 
water-tube boilers ara more suitable than fire-tube boilers for the 
generation of steam at very high pressures, and for the fulfilment 
of condition (e) above. Fire-tube boilers are suitable for steady 
working at pressures up to say 200 lbs. per square inch, and can be 
constructed so as to fulfil condition (c) above very completely. 
The efficiency in well-designed boilers of both types is about 
the same. Water-tube boilera take up less space than fire-tube 
boilera of the same power. 

Only a few of the best known kinds of boilers can he described 
here. Although water-tube boilers are extensively used for land 
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Fio. I>auca«lurc bollcv, showing th« brickwoik sdUniguiid llociJ. 
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purposes, yet, for {lenei-il f.-ictory {imposes, tlie I^mieasliiic litiilcr is 
tlie most popular. 

The Lancashire boiler.— The eonst ruction and airan; 4 ( iJicnt in 
tliis boiler will be undeistood by refereiice to Fij'. 1-1, in wliieli is 
shown a complete boiler with its brickwork sealing ami lines, to 
Figs. 122 and 123, .slmwing the finislusl shell, and to tlie other 
illustrations in which the shell details are given. The drawings 



FUi. 122.— t ai ^ Latic.ii^liirc Wilcr. 


are reproduced here by the com tesy of Me.ssrs. Sjmri', Inman I'v (’o,, 
Ltd. Referring to Fig. 122 it will be observed that the boiler 
consi.sts of a large cylindrical shell, generally fioin 25 to 30 feet 
long and from to 0 feet in diameter. Two large tiihes of 
diameter about 0’4 that of the shell {kiss from end to end. A 
furnace, C. about 6 feet long, is placed at the front end of each 
tube (Fig. 123). The hot gases from tlie burning fuel {Kiss along 
the furnace tubes, emerging at the back end. where they jiass 
downwards and unite in a bottom due E (Fig. 121). Passing 
along E, the gases divide at the front end of the boiler into side 
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0ues FF, and again travel to the i-ear of the boiler, where they 
make their exit to the chimney through the flue 0. The flues are 
built of common brick, lined with firebiick in order to withstand 
the heat. Dampers consisting of doors sliding vertically in frames 
are placed at JJ ; tliese serve to regulate the draught. Doors by 
means of which access can be obtained to the flues are placed at 
A', L, L. ^ is a shallow pit, called the Mow-off pit, covered with 
iron plates forming part of the floor of the boiler room. The 



valves and other mountings shown in this illustration will be 
described in detail in Chap. XL 
Construction of shell.— In the boiler shown in Figs. 122 and 
123 there are five rings in the cylindrical shell, each ring being 
conetinicted from a single plate bent into a truly cylindrical form. 
The meeting edges of tlie plate ara connected by a butt joint with 
cover plates inside and outside and six rows of rivets (Fig. 124). 
Tliese joints form the loi^tudinal joints of the shell. Hie alternate 
rings of the shell are made smaller in diameter than the othera by 
an amount equal to twice the thickness of the plates. This permits 
the rings to be secured together by lap joints, usually of the 
double riveted form (Fig. 125) ; these are the circumferential Joints. 
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Tlie longitudinal joints are made much stronger than the circum* 
ferential joints beaiuse the stress on them dub to the internal 

pressure is double that on the circum- 
ferential joints (p. 207). In order to 
avoid a continuous row of rivets, the 
longitudinal joints aio arranged to be 
out of line with one another in the 
successive rings of tlie shell, and arc 
placed near the top of the boiler above 
the brickwork seating where they will 
be accessible ; this arrangement also 
l•en^oves these joints fioni contact with 
the hot flue gases, the action of wliieh 
might produce deterioiation. 

Furnace tubes.— Furnace tubes are 
constructed of lings bent to a truly 
cylindrical form, the meeting edges being 
welded together. The ends of each ring 
are flanged outwards (Fig. 127) and the 
rings are connected togetlier, end to end, 
by rivets j«ssing througli the flanges, 
a welded expansion ring being placed between the flanges in 
order to faeiliUite cauUdng, by means of which a steam-tight joint 



Fid. 12-j.— Circnmfcrcntiiil 
joint. 



Fio. — Attachment of 
furnace tube to front end 
plate. 



Fjo. 127. — Adamson's flanged 
ring fur {>ermitting the furnace 
tutKs to expand. 



Fm. 128.-AtUch- 
in on t of furnace tube 
to back end plate. 


is secured. Notice that in this ariangement the heads of the 
rivets are in the water sjiace of the boiler, where they will not be 
e.\posed to the direct action of the fire. The joint is known as the 
Adamson flanged ring, and gives a considerable amount of elasticity 
to the tube in the direction of its axis. This elasticity permits of 
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the expansion of the furnace tubes in the direction of their longtli, 
due to their being at a liiglier tempeiature than the sliell, being 
taken up without severely stressing any part of the boiler. 
Furnace tubes are exposed to external pressure tending to collapse 
them. To strengthen tlieiu against this pressure, the lings arc 
made of short length in order to have the suppoi ting efl’ect of 
many Adamson’s flanged rings. The front end plate of the boiler 
has holes cut in it to receive the tubes ; tlie edges of the holes arc 
flanged outwards and the tube is slipped inside and secured by 
riveting (Fig. 126). The connection to the back end plate is made 
by the flange on the last ring of the tube (Fig. 12K). The back 



Fio. 120. ^Attachment of shell to 
* front end ijIaU*. 


end rings of the furnace tubes, it will be noticed, are made smaller 
in diameter (Fig. 123). This plan provides a greater space between 
them, and gives access to the bottom of the boiler under the tubes 
for cleaning and examination. 

End plates.— Each end plate is constructed from a single plate. 
Tlie front end plate is connected to the shell by means of an 
outside angle hoop, bent to shaj>e and hanng its meeting ends 
welded together to form a solid ring. Connection of this ring to 
the end plate and also to the shell is made by a double row of 
rivets (Fig. 129). The back end plate is flanged into the shell and 
double riveted to it (Fig. 130) ; an angle hoop joint is inadmissible 
at the back end as the angle would be exposed to the direct action 
of the furnace gases, and would be liable to burning. The angle 
connection of the front end plate, it should be remarked, penuits 
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lutliei' nioi-e freedom to this end to bulge than the flanged joint at 
the back wdl allow to the back end. No flat part of a boiler can 



Fic. 13l.-Uussut stay. 


retain its shape without bulging unless it is 8iip|>orted or stayed. 
In the b(»iler under consideration, the ends are stayed to the 
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Fig. 132.— Front end plate. 

A. Funmcc t.tes. 0. 0,..,ct .Uys, E. F»l>''^XSo. 

B. Mudhok*. D. For water gauges. F, lor feed clicck 

cvlindrical shell by means of gusset stays (Fig. 131). Some of 
ti.ese are placed above tlie furnace tubes and some below, as ^Mll 
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be seen by iiispectioji of Figs. 132 and 133, in which the front and 
back end plates are shown. Tlie gusset stays must not come ton 
close to the joints of the tubes with tlie end plate.s, otherwi.se tlie 
ends will, be too stiff. A small amount of freedom to bulge Is 
allowed round the furnace tubes in order to accommodate the 
expansion of the tubes on heating. The tops of the furnace tubes 
are usually at a higher temperature than the bottoms, therefore 
the expansion will be greater at the top than at tlie bottom, 'i his 



Fig. 131 -'Buck ctid pUtc. 

A. Furnace tubes. B. Gusset stA}*s. C. Longitudinal joint 


causes the tubes to' rise at the middle of their lengths, pi*oducing 
boding. Each time the furnace door is opened, the rush of cold 
air cools the tube, which consequently contracts. Action sucli as 
this, occurring say every half-hour, will ultimately, if the end 
plates are too stiff, cause a groove to be formed in the metal of the 
tube near the top on the water side, just where the tube is 
connected to the front end plate. 

Mounting blocks. — Mounting blocks for receiving the various 
mountings, such as safety valves, steam valve, etc., are usually 
made of mild or cast steel, and are riveted strongly to the shell. 
The object of these blocks is twofold : they provide a faced joint to 
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receive the flange of the valve, etc., and also they strengthen the 
shell which had previously been weakened by the removal of the 
material in forming the hole. Mounting blocks are sometimes in 
the form of short conical pipes flanged at both ends, and these 
serve for the larger mountings ; others consist merely of flab 
strength-compensating rings riveted to the boiler plates, such being 
used for the smaller mountings like water-gauge cocks. 

Furnaces.— The furnaces consist of a fire grate constructed of 
fire bai-s placed side by side with an air sjwce between each 
pair. The fire bars are supixuted on bearers resting on brackets 
riveted to the sides of the furnace tubes. Genemlly, the furnace 



Fic. m.— Front elevation and eection of a furnace door. 


is long enough to necessitate two lengths of fire bars being 
used. '^The furnace terminates at the back end in a firebrick 
bridge, the objects of which are to retain the fuel from failing 
over the end of the furnace, and also to restrict the space through 
which the gases coming from the fire have to pass. The lattei is 
necessary to produce proper mixture of the air and the gases, and 
to give perfect combustion. Details of a furnace may be studied 
in Fig. 145 . The furnaces are closed at the front ends by 
furnace doors A (Fig. 134), hinged to door frames 5, and pro- 
vided with adjustable openings at C, through which air may 
enter the furnace above the giate bars. Air is usually required 
iust after fresh fuel ba.s been fed to the furnace in order to 
prevent the formation of black smoke. The door is secured by 



a Imsp E, and has a castdron guard plate D secured on the inner 
side by distance pieces, so as to prevent the heat from the furnaco 



having direct access to the door and 
Tlie front grate bar support, called th 


so rendering it too hot. 
dead plate, is made long 
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eiKiiii^h to prevent the fuel coming riglit forward to the furnace 
doors, thus protecting the joint of the furnace tube with tJie end 
))late from the direct action of the fire. The sjwce below the 
fire grate is called the ash pit. The ash pit is closed at the kick 
end below the fire bridge bv a door, thiough which any ashe.s 
wliich may have found their way into the furnace tubes by falling 



Flo. 13--..-Cross section of n Coniish boiler and the brickwork seating 

ami Hues. 


Access to the interior of the boiler is obtained thruugb a man- 
liole placed on the top of the shell. A mud hole, situated on the 
front end plate near the bottom i)ermits of the removal of deposits 

from tlie bottom of the boiler. . 

The Cornish hoiler.— This boiler resembles the Lancashire 

boiler in all particulai’s, except that there is only one furnace tube. 
It is not usually made of so large a diaineter-generally about 
5' 6’ to 6' 0". The diameter of the tube may be about 0 6 tliat ol 
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«1>p 1I Fic. 135 shows a Cornish hoiler in scctiim, and in I'ig. 136 

is dven a cross section throu-h the boiler :iiid bric-kwoi k. Tliese 
diawines will be rejulilv understood from wliat lias been abeady 
said. Tlic four cross tubes inserted in the furnace tube must be 
snecially noted. These arc called G^oway tubes, and their objctrt is 
to improve the circulation of water in the boiler. This circulation 
is effected by the water in the tubes beiii" heated by the furnace 
gases; its specitic g.nvity being thereby lowered, an ascending 
current is set up in the tube, drawing away the cold water from 
the bottom of the boiler to be heated in turn. Lancashire boilers 
are also often fitted witli Galh.way tubes. The tubes are made 
conical in order that they may he got into place, and are welded at 
the top and bottom to the furnace tube; there are thus no rivets 
exiwsed to the fire action. Some of the tubes are vertical ami 
othei-8 diagonal ; the object of this is to break up the curinit of 
fluegases passing along the furnace tube, imlucmg the formation 
of eddies and promoting a scrubbing action of the gases on 
the walls of the tube. Tins ari-angenient greatly adds to Uie 
efficienev of the heating surfaces of the tubes, as every portniii 
of the hot gases will, in turn, be brought into contact with plates 
haying water to be heated on the other side. 

Locomotive boiler.— Tlie construction of a locomotive boiler will 
he understood by reference to Figs. 137 and 138, illustrating an 
express locomotive boiler constructed by the Great hastern 
Railway Co. to the designs of Mr. James Holden. 

The boiler consists of a cylindrical barrel A (Fig. 137), having 
an Internal firebox C at one end, and a smoke box 0 at the other. 
The firebox is connected to the smoke box by 274 tubes 1 1" external 
diameter. The furnace gases pass from the firebox through the.se 
tubes into the smoke box, and are discharged through the chimney 
P. The draught is obtained by discharging the exhaust steam 
from the cylinders through a blast pipe Q and a no'/jAe It, so 
situated in the smoke box as to induce a strong diaught of air 
through the furnace and tubes. A movable cap is attached to 
the mouth of and may be brought down so as to alter the area 
of the blast orifice and tiius suit the conditions as to work being 
done by the engine. Af is the steam dome, from the interior of 
which is taken the steam supply for the cylindei-s. A safety \’alve is 
mounted at N. Tlie feed water is introduced through a valve at i. 
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A large door .S' gives access to tlie smoke box and tubes for 
examination and cleaning. 
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Constructional details.— The barrel is 12' 1" long between 
tube plates, and is built of two rings AA (Fig. 137), 4' 8" and 4 9" 
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Firr. 138.— I^on^itudixial and cross sections of ibo fiiobox of a locomotive boiler. 

T. RHugbato. V. Hand boles. X. F(*r liquid fuel 

• tl. Fire door opcuiiig. W, For blow-off cock. iiowo. 
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ilianieter respectively, constructed »>f V' plates. Each ring is made 
from a single plate ; the longitudinal seams are hutt joints with 
doul)le cover straps and six rows of rivets ; tlie circumferentiai 
seams are lap joints, single riveted. The front end plate B is con- 
nected to the harrel by an angle hoop, double riveted to the barrel 
and single riveted to tlie end jilale. The plate is ' thick, is flanged 
outwards to receive the smoke box, and is pierced with hole.s to 
receive the tubes. The sjiell casin'; round the firebox has a single 
wrapper plate F forming its sides and top (Fig. 13B) ; 6' is a throat 
plate flanged to the barrel and to the wrapper plate. The back 
plate II is flanged to the wrapper, and is y-r" thick. The steam 
dome M can be more clearlv examined bv reference to Fig. lo2. 
The top is secured by means of studs so as to be removable for 
access. 

Inside firebox.— This firebox is constructed copper, a single 
wiiipper plate forms tlie sides and top ; the tube plate I) and the 
back plate E are flanged into it (Fig. 13B). Tlie plates are i" thick, 
excepting the tube plate which is 1" tliick at the tubes. Connec- 
tion to the outer shell is made round the bottom edge, a distance 
piece of rectangular section being inserted, through which the 
rivets pa.ss. The fire door opening is at T; T, I'aie hand liole.s ; 
the blow-off cock is secured to the boiler at IF. X is one of two 
orifices to which the nozzles for burning liipiid fuel are attaclied ; 
the nozzles will be more fully dealt with in Chap. X^ I. 

Stays.— The sides of the firebox arc stayed to tlie outer wrapper 
plate, the front plate to the tlir(«it plate, and the firebox hack plate 
to the shell hack plate by means of a large number of bronze 
stays, j;f" diameter, screwed into both plates and riveted over. 
The roof of the firebox i.s supported by ten roof bar.s J (Fig. 138), 
of I .section, the ends of which rest on the edges of tlie firebox. 
Sling bai-s T connect tlie roof bare to the outer shell ; the firebox 
roof is connected to the roof bars by means of bolts screwed into 
bo.sscs on the under side of the roof bars. The fi oiit tube jdate of 
the boiler is stayed to the back plate by means of longitudinal .stays 
/f, ])as.sing from end to end of the boiler and .secured by outside 
nuts screwed up against washers. The.se stay.s are in diametei. 

Tlie working pressure of this boiler is 180 lUs. per s(piare inch. 
The total heating surface is 1630 square feet; the grate area is 
2T3 square feet. 
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Marine return-tute boiler.— TliU boiler consists of a cylindi ical 
shell fitted 'with from two to eight furnaces, and having a large 
number of tubes jiassing from intei nal combustion chambei-s to the 
front plates of the shell. In single-ended boilers of this type the 
furnaces are at. one end of the .shell only ; in double ended boilers 

there are furnaces at both ends. The 



w/z/mmi 


gases from the furnaces pass into the 
combustion chambers, then return 
through the tubes to the front end 
in single-ended boilers, or to both 
ends in double-ended boilei-s. Up- 
take i^ssages are provided leading 
fi'om the boiler ends to the funnel. 

t.i).e to front i.hitc in a m.irinc As the furnace gases pass thiougli 

the tubes, this is a fiie-tube boiler. 

Construction of return -tube 
boiler. — The drawings in Fig. 13!) show a single-ended boiler 
constructed by the Thames Engineering Works, Ltd., Greenwieh. 
There are three furnaces contained in corrugated tubes, A, the 
smaller internal diameter at the bottom of the corrugations 
being 3' 0' and the larger internal diameter being 3' 3‘. The 
corrugations are 6' pitch and the tubes are 
ll' thick. The furnace tubes are riveted to 
tlie front end plate, which is Hanged outwards 
to receive them (Fig. 140), and at the inner 
ends to the combustion chambers (Fig. 141). p,,.. ui.-Combustion 

There are three combustion chambers, a eLambcr joint. 


Fio. 141 .-Conibiistion 
ehaTiOicr joint. 


centre one and two wing chambers. These 
are somewhat rectangular in shape, and are strongly constructed 
in order to withstand the external collapsing pres.sme. The 
front plates, which receive the tubes, are thick, the top 

plates I", and the side and back plates V'. The back plate slopes 
slightly forward in order to allow the steam bubbles forming 
on the plate to disengage themselves instead of creeping up the 
l)Iate. The back of each combustion chamber is stayed to the 
[jack end of the boiler by a large number of screwed sUys 
ranging from IJ" to Ij" diameter placed about pitch. The 
sides of the wing chambers nearest to the outer shell are similarly 
stayed thereto. ' Tlie inner sides of the wing furnaces are stayed 
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in the same manner to the sides of the centre chamber. The 
combustion chamber tops are supported by girder stays (Fig. 142) 
consisting of two plates 6|^" deej) and I" tliick nveted together and 

I/' 


Fio. 142.— Girder stays supporting tlic cumbustioii cbnmbcr roofs. 

resting on the upper edges of the combustion chambers. Steel 
stays, 1§" diameter, with top and bottom nuts, secure the com- 
bustion chamber tops to the girder stays. The tube plates of the 
combustion chambers are sUyed to the front end of the boiler by 
stay tubes. Most of the tubes, which are 3|" external diameter, 
are simply puslied into 
place and then expanded at 
the tube plates to make a 
steam-tight joint. Others, 
shown by a double circle 
in the front elevation (Fig. 

139), and in detail in 
Fig. 143, are screwed at 
both ends, and the holes 
in the front end of the 
shell and in the tube 
plates of the combustion Screwed stay tube, 

chambers are screwed to 

receive them ; these tubes effectually stay the flat tube plates. 
Tlie combustion chamber bottoms are strengthened by means of 
T’s, riveted to the out-side of the chambers. 

The shell of the boiler is 12' 3" mean diameter and is constructed 
of plat^ 11" thick. There are two rings, each ring being con- 
• stracted of two plates, with butt joints so as to give a perfect 
cylinder. The longitudinal joints have double cover plates, and 
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are secured by six rows of rivets. The circumferential joints aro 
lap, with double row of zig-zag rivets. 

The ends of the boiler are each constinicted of three plates, with 
horizontal lap joints double riveted. The top plates, front and 
back, are ejich I" thick, the other front plates are J", and tlie back 
plates The ends are stayed, where unsupported in the manner 
previously described, by means of longitudinal stays /’{Fig. 139), 
2g" diameter in the body, swelled at the ends, M-here they arc 

screwed, to 3" diameter (Fig. 
1-14). A large washer, 7" 
diameter outside, and nuts 
both inside and outside, secure 
the stay to the plates. The 
washer serves to distribute 
the ptill over the neighbour- 
ing part of the plate. Tliese 
stays are pitched T 5" in the 

Fio. in.-Budot a longitudinal .stay. Upper part of the shell, and 

there is one between the centi c 
furnace tube and each wing tube, and another just above each 
wing tube, the last nientioned stays running from the front end 
plate to the combustion chamber tube plate. 

D is the uptake, leading to the funnel .S' (Fig. 139). 

The furnaces are shown in more detail in Fig. 145. The grate 
i.s 6' 0" long, made up of two lengths of fire-bai-s C, resting on the 
dead plate Dy on centre bearers E and on the bridge support F. 

A thin ash plate rests on the bottom of the ash pit to facilitate 
the removal of ashes which, owing to the corrugations, would 
otherwise be difficult. The ash pit is fitted with a swing door 
providing a supply of air, which may be adjusted by varying the 
door opening. The door is held open by the notches cut in a 
swing bar. A plan of some of the fire-bars is shown in Fig. 145. 
The air spaces between the bars are wide and 14i' long. The 
bars are 1" wide at the narrow part. 

The boiler is constructed for a working pressure of 160 lbs. per 
square inch, and to be tested to 320 lbs. per square inch. The 
total heating surface is 1500 square feet; the total grate area is 
5Gi square feet ; the steam space is 245'5 cubic feet. There arc • 
47 plain tubes and 22 stay tul)es in each wing, and 38 plain tubes 
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and 24 stay tubes in the centre, giving a totol of 200 tube.s, (»ch 
3r external diameter and T 1" long between the tube plates, ihe 
stay tubes are i" thick, the others are No. 8 b.w.g. Tlie front 
circumferential seam of the shell is hand riveted, the remainder of 
the joints being machine riveted as far as possible. 

Access to the boiler is obtained by three manholes placed on the 
fi-ont end, one near the top and one between the centre and each 
wing furnace. A sight hole is placed just outside each wing 
furnace. These are all fitted with M'NeiFs patent dooi-s. 



Arrangement of marine boilers.— Two boilers similar to that 
described are required for the triple expansion engine described in 
Chapter XV. The i.ii.p. to be supplied is about 1350. Fig. 146 
shows the boilei-s arranged in position in the ship ; the princijial 
mountings are indicated in this illustration. D, D are the main 
steam pipes and valves supplying steam to the engines ; the valves 
are 5" in diameter. A", E are 2i" stop valves supplying steam to 
the auxiliary machinery. (7, C aie double spring safety valves, 
2|" in diameter, and fitted with escape pipes. .1, A are brackets 
on which are mounted the water-gauge cocks. Tlie brackets are 
connected to the steam and water spaces in the boiler by U" 
copper pipes, a valve being placed where each pipe enters the 
boiler. This construction is rendered necessary in order to clear 
the uptakes. 5, B are test cocks for roughly checking tlie water 
level in the boiler, /f, H are feed check valves through whicli 
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the ^vate^■ from the feed pumps .hiven hy the engine enters the 
boilers. These are situated on the batk end. (>\ d are similar 
valves on the front end tlirough wliieli water from the auxi lary 
feed pumps is forced into the boiler. The feed valves are all -j 
in diameter. /•’, F are scum cocks connected by an internal pi|ie 
to a scum dish just below the working water level in the boiler. 
These sei ve to drain otl' scum from the surface of the water in the 
boiler. ./, ./ are 2" blow-otf valves, tilted with internal pipe.s 



Fio. U:.— cn)j;s of a BaWock A* Wilcox x\at^r- 

UuilcraiiJ it^ >e.itiu^'. 


reacliin*'' to tlie lowest le\>l ih tin* bnikn*. Siiiiilar valv<*s are fitted 
to each boiler and coiineeteil to the auxiliary jmmjis, thus enabling 
the water in the main boilei-s to be pumped out when cold. h\ K 
are salinometer cocks used in testing the degree of saltnoss of the 
water in the boiler. To the top of each boiler a pressure gauge 
cock and an aii' cock are fixed. The boilers rest on stiong brackets 


carried by the ship’s framing ; the space surrounding the boiler- 
room is taken up with coal storage bunkei’s. 

Water-tube boilers.— Space will not permit of the description 
of more than one boiler of this type, and the well known 
Babcock & Wilcox boiler has been selected. 
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This boiler consists essentially «>f tltiee parts, shown in Figs. 147, 
148, and 150. 

(i) A nmnber of inclined water tubes ovei' the furnace, in which 
the watei. lieiiig divided into .Miiall Volumes, is raised to a liigli 



Pic, 14 S._pir-ipcctive vinn- cf a Halic^k Wilcox boiler with brickwork 
I'Artlj" roniovoii to jIiow (be t'llKs. iiiiid collector, and suj'erbentcr. 


teiiiperatuic (|uickly and rises through vertical connecting boxes or 
headers, t<i wlm h the fiont end.s of the tubes are connected, into 
(ii) A horizontal steam and water drum. In this drum the steam 
separates from the water (Fig. l'>0). The water remaining tra\els 
to the back end of the di iim and descends tluough vertical ltibe> 
into tlie inclined water tubes where it is subjected to the action of 
the fire, and again ])asses into the steam and water drum. Thus, 
a c<»utinuous and rapid circulation of tlie water is kept up, and 
approximately unifoi'in temperature preserved throughout the 
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14(>.-nca(Jcr» hIiow* 
5li|' ibc sitaKt'crecI )iokK tor 
receiving' Ww tubc^ 


(iii) A mud CQllector eattachecl to the lowest pui t oi the ini*!ineil 
water tubes (Fig. 148). Any sediment, l).v reasen of its gieatcr 
specific gmvity, will be preeipitatecl into this collector (Inniig the 

mssage of the water tlirough the rwir headei-s. 

The lioles in the lieadeis for the reeeption of the water tubes aro 
staggered (Fig. 149) so that eaeh row of tubes comes over tho 
spaces in the next lower row. Maud 
holes are provided in the lieadeis op|s..site 
each tube, thu.s enabling each tube to be 
cleaned out and examined. The steam 
and water drum ha^ its ends domed, 
thus obviating the neces.sity for stays. 

Seating.— The boiler is erected entiiely 
independent of the brickwork, Ixung sus- 
pended from wronght-iron girders resting 
on iron columns as will lie oliservcd in the 
end elevation in Fig. 147. Ihis construc- 
tion prevents unequal exiwn.sitm tumbles, 
and faciliUtes reiwirs to the brickwork. 

The grate is under the front and higher 
ends of the water tube.s. The furnace gases aie comjielled by 
baffle plates (Fig. 147, longitudinal section) to pa.ss n).wards 
between the tubes into a combustion chamber under the steam 
and water drum, thence downwaids between the tubes, tbeii once 
more upwards lietween the tubes and off to the chimney. The 
hottest gases thus come in contact with the highest jiarts of the 
water tubes wherein the hottest water will be found. A damper 
at the rear Hue opening to the chimney is ojierated by inuaiis (.f 
a chain led to the boiler front, and serves to regulate tlie draught. 

Tlie feed water is introduced through a feed valve on the front 
end of the steam and water drum, and is directed backwards along 
the drum by a short internal pipe, this being the natural direction 
of flow. The valve through which the steam leaves the boiler is 
situated near the rear end of the steam and water drum, the steam 
liberated near the front beadei's has thus to travel a considerable 
distance along the drum before making its exit, thus promoting 
the production of dry steam. 

Superheater.— The boiler illustrated in Figs. 147 and 148 is fitted 
with a superheater. Tlie superheater consists of a number of 
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liorizniital U-tul>es secured at eacli end to liorizontal connectinr' 
l)oxos, and ])laoe(l in tlie combustion cliaml)er just under tlie ste:un 
and water dnini. Steam is led into these tubes bv means of a 
vet tieal T-tube. the upper branches of the T bein" situated in the 



Fkj. ir>0.— Front hcatlcr*; and jxirt of drum of rj & Wilcox buikr, 

sliowjnK tbc water circuhtioti. 


steam space of tlie drum. Tlie steam, when the superheater is in 
use, leaves tlie drum throiijih the T-tube. jiasses into the u|)per 
';onneeting box of the sujietlieater. thence tlirouirli the U-tubes, 
attaining a liiirh temperature as it does so, and is finally drawn 
from the lower connecting box into the main steam pipe supplying 
the engine. 


HEATING SURFACE AND (iRATE AREA. 


ITfl 


Heating surface and grate area.-Tlie power ..f u given liuiler 
,„av be estimated bv stating the quantity of water whic). can be 
evapoiated per Imur. This quantity will evidently depend on tlie 
quantity of coal which can be burned per hour lu the furnaecB, 
and also on the extent of the heating surface and the suitability 
of its arrangement. Given the area of the tire-grate and tlie 
strength of the draught, a delinite quantity of coal can be burned 
per Imur. Engineera have been led by experience to provide a 
certain ratio of heating surface to grate area, the value of tlie ratio 
depending on the type of boiler. For example, tlie value of the 
ratio in tlie Great Eastern Railway loeomotive boiler (p. KG) is 
1630-r21‘3=76 r), and in the marine return tube boiler (p. IDH), the 
ratio is l.'iOt)-rar)] = 27 nearly. The exphiiiatioii of the ditlerenee 
in these ratios lies in the fact tliat the rate of cmnbnstioii, j>. the 
weight of coal burned per square foot of giate area jjer liour, will 
be much higher in the locomotive boiler than in tlie inariiic boiler. 
A larger proportion of beat being tlins available per sijiiarc foot 
of grate in the locomotive boiler, a larger ainomit of lieating 
surface must be provided in order to ensure tliat tliis lieat may 
be efficiently pas-sed into tlie water in the boiler. 


EXERCISES ON CHARTER X. 

1. Give sketches and describe the urrangmiients of the brickwork 
fines of a Limcasliire or Cornish boiler, liulieate the tlow of the 
furnace gases by orrows. 

2. Sketch and dcscrilx; the shell of a Lineasliirc boiler. Give 
separate sketches of the joints of the shell plates and of the attach- 
ments of the ends. 

• 

3. Describe and give sketches of the constniction of the furnace 
tubes of a Lancashire or Cornish boiler. Explain how liie successive 
sections arc connected and liow the tube is fastened to the end plates. 
Why are Galloway tulws frequently fitted ? 

4. Give sketches and description of the furance arrangements of 
any boiler you know. 

5. Sketch and describe the shell of a locomotive boiler. 

8. Give sketches of four different kinds of stays, explaining tlie 
part of the boiler for which each is suitable. 

7. Sketch and describe tlie shell of a return-tube marine boiler. 
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8. In wliiit circumstances are water-tul>e boilci-s used in preference 
to fire-tube boilers? Give reasons for vour answer. 

9. Give sketches showing the arrangement in any water -tube boiler. 
Do not shoM’ details of joints or fittings, but inflicate the course of the 
furnace gases and the water circulation by anows. 

10. Give sketches and description of any type of self-contained 
vertical boiler. Do not show details. 

11. Doscril)e. with sketches, the fire-lwx of a locomotive, showing 

how it is staved. Give larger sketches ct a few details. 1907. 

12. Descril>e, with sketches, any importani part of any water-tulxj 

boiler. ^^7. 



CHAPTER XI. 


BOILER MOUNTliVOS 


Junction valve.— Tliis valve i.s bolted t<* a Jiioiintiiif^ block on 
the top of the boiler ; and thiough it jwshi-s the* principal .'iu))ply 
of steam from the boiler. The 
valve sliown in section in Fig. 

151 is designed to obviate, us 
far as possible, trouble due 
to unequal ex|)ansion in its 
parts. The body of tlie valve, 

A, is strongly made of cast- 
iron for pressures up to ICO 
lbs. per square inch, and of 
Sieiuen.s-Martin cast-steel of 
mild quality for higher pres- 
sures. The valve D is of gun- 
nietal and is in one piece with 
its spindle C, which is bored 
out to receive another steel 
spindle D. A gun-metal 
sleeve E, screwed to fit a 
tapped hole in the cross bar 
F, is drilled to permit D to 
pass through it, and is en- 
larged at its lower end to 
accommodate the upper end 
of the valve spindle and also 
a collar oh the spindle D. 

The spindle D and the valve 

spindle C ai’e connected bv 

* Kto. 151.— Hupkinsoa's junction valve for 
M main steam supply. 
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means of a cotter //; so that, if D be rotated by the cross bar K 
secured to its upper end, the valve will also be rotated, dotation 
of the hand wheel Z., which is secured to the sleeve will i-aise 
or lower the valve and so open or close it, but will not produce 
rotation of the valve. This construction, it should be observed, 
leaves the valve spindle free to expand lengthways, and as its 
exjwnsion will be greater than that of the valve body, the valve 
will not thereby be jammed to il.s seat. 

The valve seat, J/, is held again.st a ring N by a loosely fitting 
gun-metal ring G, screwed to fit M. A set screw P serves to keep 
the whole in place. The arrangement permits of free expansion 
to the seat, J/, which therefore will not warp when subjected to 
changes of tempeiature. A stuffing-box Q serves to keep the 
valve spindle tight against steam leakage. 

Anti-priming pipe.— The im.sition of the junction valve on the 
boiler will be seen by reference to Fig. 121. The supply of 
steam is taken from the boiler tlirough an anti-primuig: pipe piaced 
inside the boiler. This pipe is 4 or 5 feet long with closed ends, 
and has a number of perbiiations on its top side (Fig. 123, Z). A 
branch connects it with the junction valve mounting block. As its 
name implies, its function is to reduce the quantity of water carried 
over with the steam through priming. Priming is generally 
caused by a too rapid ebullition of the water and by -a too 
restricted steam space in the boiler. Drop.s thrown above the 
surface of the boiling water and caught in the currents of steam 
travelling towards the exit are “battled off” by the anti-priming 


pipe. 

Locomotive regulator.— In locomotives, the valve through 
which the steam passes from the boiler to the cylinders, called a 
regulator, is generally placed inside the boiler. A dome A ( Fig. 152) 
is riveted to the top of the boiler, and the regulator is placed 
within it so a.s to draw as nearly dry steam as po.s.sible. Usually 
the regulator consists of two slide valves 1) and C, one operating on 
the back of the other, and worked from a handle D at the back 
plate of the boiler, to which the valves are connected by rods and 
ievera. The outer valve C is smaller than the inner, and opens firat, 
admitting steam through a small hole in the inner valve. Steam 
being thus admitted to the steam pipe F, leading to the cylinder, 
the pressures on the opposite sides of the large inner valve will be 
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equilibrated, and this valve may now be opei-ated easily. To 
proWde for the requiied movement, tlie pin A’, on the rod opei'ating 
the valves, is a working fit In a hole formed in the outer valve, 
but engages in a slotted hole in the inner valve. 



Fio. 103.— Sectional view of a locomotive rc(fnlator. 



Marine automatic stop valve.— Tliis stop valve is intended for 
each of the boilei-s shown in Fig. 146. Steam passes from the 
boiler through the valve into a common steam main. The valve is 
so constructed as to close automatically should any accident occur 
to the boiler on which it is mounted, thereby localising the extent 
of the damage and pei-mitting the other boiler to continue to 
supply steam. Referring to Fig. 153, showing the valve in section 
and plan, A is the valve made in a continuous j)iece with a spindle 
B. A cross bar C attached to tlie top of B enables the valve to be 
rotated on its seat. The valve is held down by a sleeve J), beaj'ing 
against a shoulder on the spindle B, and sci-ewed externally to tit a 
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/ I- 


tapped liole in a fixed In idge, a portion of wliieli is shown at E. 
The sleeve D lias attached to it a liaudwlieel F, by means of which 

it may be rotated, and 

''f- , so raised. The steam 

' rn coming from the boiler 

H at 0 is now able by its 

a ;|1_ , ^ pressure to raise the 

^ I valve A and so to pai'S 

c through II into the 

^ ; steam main. Should 

T’’ accident occur to 

T H^r-' *'• boiler, thus redue- 
i: ^ ^ ^ H' ing the pre-ssure on the 

A — t - •— side 0 of the valve, the 

• liigher pre.ssiirc in the 

'7" ^ main will at once 

^ ^ yj ji cause the valve to clo>e 

,1 I and thereby to isolate 

C / I — — • 

^ ; tlieboiler. t/isabianch 

I fitted with another stop 

^ valve, not shown in 

ecm Fig. 153, by means of 

1 which steam is sup- 

plied to the auxiliary 
inachinerv. 

w 

I Water gauge.— The 

object of this fitting is 

to indicate tlie level of 

the water in the boiler 

and so to enable the 

attendant to regulate 

the supply of feed water. 

The sauge i.s connected 
Fio. 103.— Suclioiiul elevation and plan of a marine i i •! \ 

antoinutic stop valfc. to the boiler by mean.^ 

of flanges at X.\ (Fig. 

154), the upper opening into the steam space and the lower into 

tlie water space in the boiler. G is a strong glass tube, pas.sing 

through stuffing-boxes into tlie upper and lower jiarts of tlie 

gauge. D and E are steam and water cocks respectively, and, 


I 




Fio. 133.— Suclioiiul elevation and plan of a marine 
antoinutic stop valfc. 








vy 
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when open, allow water from the boiler to flow into G until the 
same level is attained in the tube as that existing in the boiler. 
F is a drain cock, by means of which the whole of the fitting can 
be blown through. On closing the water should rise freely 
and rapidly to its original level. Should there be any signs of 
blocking, the cocks E and D should be closed, and the gauge 
examined and cleared. Tliere are four small screwed ])lugs 
shown ; these being removed, a wire may be pushed horizontally 
through the top and bottom fittings or vertically through the 
glas.s tube. 

The gauge, illustnited in Fig. 154, is designed to prevent accident 
by scjilding to the attendant should the glass tube be broken, d 
and B are small ball valves which, under working conditions, rest 
as shown in fvill lines. But, should the Uibe buist, the balls will 
be carried at once into the dotted positions by the rush of steam 
and water, and held there against the seats by the pres.siire in the 
boiler, thus pieventing any furthei' escape. The action is practic- 
ally instantaneous. The cocks D and E are now closed by hand, 
and /’opened, permitting the water to drain oil' from the gauge, 
the water in the upper jwrtion escaping through the supplemental 
tube J. Tlie pressure in the interior of the gauge having been 
thus reduced to that of the atmosphere, the balls A and B return, 
bv gravitation, to their original positions. A new glass is now 
inserted, the cocks l> and E are opened and F is closed, when the 
gauge will be again in its normal working order, dhat proper 
attention should be paid to the water gauges is of iirinmry impor- 
tance to secure safe working of a boiler. The gauges should be 
tested by blowing through several times daily, and no defect 
should be allowed to pass unremedied. The consequence of a 
false water level shown in the gauge may be a very serious 

explosion. , 

It may be noticed that an empty plain glass tube looks very 

like tlie same tube wlien full of water. Such a tube used for a 
water gauge, .sliould the water level in it be lost, will fail to 
indicate whether the water in the boiler is too high or too low 
Devices are frequently applied to indicate when the tube is full 
or empty, such usually taking advanUge of the change in appear- 
ance of a coloured band at the back of the tube, or of corrugations 
in a glass plate, caused by the refractive effect of the water. 



PRESSURE GAUGES. IfiS 

. \ 

Shields haWng glass windows let into a gun-nietal fianio are 
often fitted so as to sunound the gauge tube ; these minimise the 
risk of accident to the attendant sliould the tube burst when he 



Fio. 155.— Interior parts of a steam })rcssure gauge. 


curved, partially flattened tube lias to become straight when 
subjected to internal presssure. 

Expt. 30.— This eflect can be demonstrated easily by attaching a 
piece of rubber tube about a yanl long to a water tap, closing its 
outer end by a clip, and then bending tlie tube into a curve lying on 
the table. On opening the water tap, the rubber tube, which has 
been slightly flattened by the bending, will distinctly show movement 
in the attempt to straighten itself. 

In Fig. 155 is shown the interior parts of a steam gauge 
constructed by Jlessrs. Hopkinson ; Fig. 156 illustrates the 


* 
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oxterinr. Referring to Fig. liio, A is a flattened tube of bard. 

secured to a bracket B wliich has 


solid-drawn phosphor bronze. 



passages in it forming the steam 
inlet to the tube. The free end 
of the tube is closed, and is con* 
nected by means of a short link 
r to a small toothed .sector D. 
The sector gears with a pinion 
on the spindle E carrying the 
outside pointer. The xvliole of the 
mechanism is carried bv the bracket 
B. Injury to the mechani.sm due 
to strjiining of the outer case is 
thus avoided. 

It is bad practice to allow steam 
itUo tlie bent tube, as the elevation 
of tempei-ature thereby produced 


is liable to cause injury and false readings. Steam gauges should 
be .sealed off from the direct action of the steam by means of a 



jiecvirr me-r 


Fi<;. 157.-'V:itcr siphon and tap for steam pressure gauge. 


water siphon. Thi.s sijdion, in its simplest fonn, consists of a 
U-tulje (Fig. loT); one leg is connected to the gauge and the 


prkssurp: gauoks. 


m 


other to the boiler, the tube being first filled m IUi water. A top 

is usually placed between the U Wuler. 

On opening tlie tap, the steam jncssm-e will be transmitted 
to the interior of the flattened tube, causing its free end t.i in-.ve 
outwards. 'Hiis movement, ti-ansmitted by the meebanism to 
the pointer, will cause it to rotate over a scale graduated -m the 
outer dial, to an amount projjortioiial to the pressures ami will, 

therefoie, indicate the pressure in the boiler. 

Pies.sure gauges are best gniduated by subjecting them !<• a 
pressure balanced by a column of mercury. The mercury cnliimii 
gives the actual pre.ssure very accurately, and the scale may be 
marked with pressures corresponding to its readings. Piessiire 
oaugesare liable to alter their readings in tlie course of time, and 
Jiould therefore be tested peruMlicdly against the readings of a 
mercury column, or again.st the readings of an accurate staiulaul 
test gauge. E.Kcessive beat or cold is to be avoided in actual work, 
as these cause injury to tlie tube. Sudden alterations of jnessure 
are verv injiirious to the elasticity of the tube ami .dmuld be 
avoided. Such altenitions in pressure may be produced by 
opening the gauge tap too quickly. In other cases— wliere the 
gauge is connected to a sto.am pijje, or reservoir, where the jiressure 
is varying rapidly— the pointer will take up vibi-itioiis. These 
vibi-ations can be got rid of by iwi tially closing the gauge tap so 
as to throttle the opening into the gauge. The best working 
pressure for a gauge is half that of the maximum graduation, 
i.e. a gauge graduated to 200 lbs. per square inch is suitable for a 
working pre.ssure of lOOlb-s. per square inch. 

Vacuum gauges are constructed on the -same principle as 
pressure gauges. The scales are generally graduated to .show 
pres-sures in inches of mercury below that of tlie atmosphere. A 
leading of 5" on such a gauge means that the pressure in the 
vessel to which the gauge is connected is 5" head of mercury le.s.s 
than that of the atmosphere. To obtain the absolute pressure, 
read the barometer at the same time ; supposing this to be 29 r)", 

I the absolute pressure will be (29‘5-5) = 24'5 inches of mercury. 

[/ Lever safety valve.— Fig. l.’iB shows, partly in section, a 
safety valve of tlie lever })attern as constructed by Slessra. 
Schaffer & Budenberg. A is a body secured to a mounting block 
on the boiler and having a valve B resting on a gun-metal 
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seat. It will be observed that the seat is belled over at the 
bottom, and therefore cannot come loose. The valve is held dovra 
against the .steam pressure on its under side by means of a lever 



Fio. 15S. —Lever 5w'ifcty valve. 


D, j)ivoted on a knife-edge at C, and a weight E, which may be 
moved to any pai t of the lever to suit different steam pressiiie.s. 
Fis a piece slotted to receive the lever, and permits of a limited 
iipward travel of the lever, thus preventing tlie valve from being 
blown off its seat. 

Tlie valve will begin to open when tlie moment of the resultant 
force acting on it about C is equal to the combined moment of the 
weight and of the level’ about tlie same point. Thus : 

p^the steam pressure, lbs. per sq. inch. 
rf=diameter of the valve, inches. 

«•= weight of valve, lbs. 
ir, = weiglit of E, lbs. 

Hj^weight of lever, lbs. 


( 7 , b, and c, are respectively the horizontal distances from the 
pivot to the valve centre, to the centre of gravity of the lever, 

and to the centre of E (Fig. 


: 


-C > 


G . 


m 


Iw. 


PiO. 159.— Diagrun of lever s.afcty valve. 


ir)9). The centre of gravity of 
the lever can be found by 
calculation from the drawing, 
or, if the lever has been con- 
structed, by placing it on a 
knife-edse and moving it about 
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until it balances; the centre of gnivity will then be veitically 
over the knife-edge. 




Total steam pressure on Yalve=/> x 


Trd- 


Resultant upward force on valvc = /^=(^/>x ^ 
Taking nioraeuts about C’, 


- V). 


or. 


{(. 


Moment of /f=moment of ir,-f moment of H.^i 

/;«= \\\c+ WA 




-H-|(/=1IV 


ir,A 


From this equation, any one of 
the quantities can be calculated 
when the others are known. 

Dead-weight safety valve.-- 
Fig. 160 shows a safety valve of 
this type. The valve .1 rests on a 
seat li secured to the top of a pipe 

C, bolted to a mounting block on 
the top of the boiler. The valve 
and pipe are covered by a case I), 
which hangs freely from the valve, 
to which it is secured by a cajiped 
nut. Tlie case I) contains weights 
sufficient to keep the valve on its 
scat against the normal working 
steam pressure. Should this jnes- 
sure become too bigb, the valve 
and case will lift, enabling the 
surplus steam to escape through 
slote formed in the upjjer pai-t of 
the case. The lift of the valve is 
controlled by the studs tbe beads 
of which project into wide slots 

formed in the interior of the case ... . . i 

n Ti. n u j *1 .. *1 He. I'W.-Hopkinson'a dcad-wcight 

D. It will be noticed that the safety valve. 

centre of gi’avity of the dead load 

is considerably Wlow tbe valve. This tends to pixiduce a steady 
action. 
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Let 


;) = the steam pressure, lbs. per sq. inch. 
rf=(liaiiieter of tlie valve, inches. 
n’= total dead load required, lbs. 

Total steam pressure on valve=p x 

Il'=px^lbs. 

4 

Dead-weight safety valve.s are very useful, for it i.s almost 
iinp(i.s.sible for the stoker to overload them. To produce any 
serious change in the blowing-otf pressure, a very large additional 
weight would have to be ai)plied to the e.Kterior of the case I), and . 
this would be sure to be detected by the inspector. 

(tcnerallv both a lever and a deatl-weight safety valve aie fitted 
to the boiler, and, in order to avoid as far as po.ssil)le the nui.sanee 
of steam discharging into the boiler house from the dead-weight 
valve, this is .set to blow oH'at a .slightly higher pressuie than the 
lever valve. The dead-weight valve thus acts as a check on the 
lever safetv valve. 

Low water and high steam safety valve.— Valves of this 
description. are intended to blow off should the .steam pre.ssure 
become too high, or should the water level in the boiler fall to an 
unsafe extent. Such a valve is shown in .section in Fig. 161. Tlie 
arrangement consists of an outer body A ccmtaining the valves, 
a lower bodv 8 to which the valve scat is seemed, these bodie.s 
being bolted to a mounting block on the top of the boiler. There 
are two valves, one C being contained within the other 1). C rests 
on a sent formed in tlie outer valve /J, and is held dowji again.st 
the steam pressure by weights £ secured to a rod /’connected to 
C. (>' is a lever pivoted to a support screwed into the mounting 
block, and having a submerged tile float H suspended from one end 
and a balance weight K from the other. A knife edge L on the 
lever is clear of the adjustable collar J/ in the position shown, hut 
should the water level fall low enough to uncover the float //, the 
additional pull on the right-lmnd end of the lever, produced by 
the loss of the supporting effect of the water on the float, will cause 
the lever <J to move on its pivot. The knife edge L will now 
engage with tlie collar on the rod F, wliicli will be pushed 
upwards, thereby opentfig the inner valve C and allowing the 
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steam to escape through passages so constructed as to cause tlie 
steam to make a loud noise. The attention of the attendant will 
thus be drawn to the water level in the boiler. A solid tile float 
is preferable to a liollow metal one which might be collap.sed ]>y 
the boiler pressure. 



Pio. lOL— Hupkuison*s luw watci* and liigU steam safety vnlvo. 


Hie outer valve D is the high prassure steam sjifetv valve. It 
is held down on its seat partly by the dead weight and jxirtly 
by tlie external lever N and weight P. In fact, it is a combined 
dead weight and lever safety valve. Should the steam pressure 
lise too high, both valves will rise as one, peraiitting a free escape 
of steam thix)ugh the discharge branch R. Tliis discliarge brancli 
is connected by an escape pipe to the outside of the boiler house 
so as to discharge the surplus steam into the atmosphere. A small 
coupling S serves for the connection of a pilot pipe discharging 
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inside tlie boiler house. Its functions are to diain away water 
from the valve casing which would otherwise re.st on the valve, 
and also to serve to draw the attention of the stoker, by steam 
being discharged from it, to the fact that the .safety valve is 
blowing off and that the steam pres.sv’re is too high. 

Ramsbottom safety valve.— The Ramsbottom type of safety 
valve is usually tilted to locomotives. It consists of a body 
secured to the top of the boiler (Fig. 162), and having two vertical 
biunchc.s, J, .1. The open tops of the branches are each closed by 
a valve H. The valve.s arc held down by the pull of a spring C' 

placed outside between 
the bi-anches, secured to 
the bodv at the lower 
end and to a lever D at 
the upper end. The lever 
has pivots bearing on the 
valves and is prolonged at 
one end so as to form a 
handle by meiins of which 
the valves may be tested 
by hand in order to ascer- 
tain that they are not 
sticking. A downward 
push on the handle will 
ease the left-hand valve, 
which accordingly will bo 

opened by the stejim piessure should there be no jamming of 
the valve on its seat. An upward push applied to the handle 
will test the right-hand valve similarly. It will be noticed that 
it is impos-sible to produce a greater blowing-off preswure by 
applying a l.oad to the handle. This could only be done by 
alteiing the pull nf the ap.-ing, and this pull is adjusted so as 

to suit the required pressure. , • i 

The valves and hand lever are prevented from being b oun 
away, should the spring break during rvorking, by means of links 

.vhkh connect the hand lever to the bracket 

of the spring (Fig. 162). Tlie pin at the upper end of ti e inks 

works in a slotted hole in the hand lever, thus permitting 

w*orking lift to the valves. 



Fio. 1G*> -Ham ?^bot lorn safety vnlvc fur O.K.R- 
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Marine safety valve— Safety valves intended foi- mariiio 
purposes must be of tlie spring-loaded type. Owing to the move- 
ments of the ve.<wel in a seji-way, Imth lever and dcjid-weiglit wifcty 
valves are inadmissible. Tlie Board of Tmde sUite, among other 
instructions, that the safety valves shall be placed diimtly on the 
boiler without apy intervening pipes ; while allowjiig .sjifety valves 
under the control of the engineer, there iiinst also be safety 
valves of the lock-up ty])e, ix. out of the control of the engineer 




Fio. 163.— Marine safety valve by Mcssi-s. Sclmfler Biideiibcrg. 


when steam is up. The object of this is to prevent overloading of 
the safety valves by the machinery attendants. Lifting gear must 
be provided by means of which the valves may be eased by hand 
in order to test that they have perfect freedom to rise. 

A pattern of marine safety valve approved by the Boai-d of 
Trade is .shown in Fig. 163. There are two valves A, in the same 
body, each independently loaded by means of a strong spring /?, 
bearing directly on the valve spindle. The spring.s are held down 
by a gun-metal bn.sh C, screwed intoa gnn-metal liner in the cover- 
Rotation of the bu.sh enables the pressure of the spiing to be 
adjusted. The valve spindle is connected to the valve, so that if 
the spindle is raised or rotated, the valve will have a similar 
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movement. Tn prevent tampering witli tlie bush— wliile stea^u is 
up— a cover 1) is fitted, lield down by bolts. £ is a sleeve bored 
to receive the upper end of the valve spindle, and tuined to tit the 
hole ill the cover D. The sleeve and upper end of the valve 



, Fio. 104.- Hopkinson’s feed regulating and chuck valvo. 

. r 

spindle are slotted to receive a cotter h\ the cotter being a fit m 
the sleeve slots, but the slot in the valve spindle is made longer in 
order to permit of the steam ])ressure raising the spindle without 
therebv raising the sleeve. A bar passed througdi a hole G in the 
sleeve,* mav be used to rotate the sleeve and thereby rotate the 
valve. A ‘shaft // has levers fixed to it engaging with co lai-s on 
the outside of the sleeves. The sleeves, and therefore also the 
valves, mav be raised by rotating this .shaft. The sha t is usua > 
connected ‘bv levei^ and rods to a convenient place in the 
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stoke-liold, whence tlie safety valves may be eased. It will 
be ob-senod that it is impossible to overload tliis valve while 
steam is up, though, at the same time, there is ample facility foi' 
testing. 

■ Feed valve.— To prevent water escaping from the boiler thi ougli 
the feed delivery pipe should the pump cease working, a feed 
check valve must be fitted. Such a valve is .shown in Fig. Hi J. 
The feed vater tiavels from the inlet jKist a check valve f— wliicli 
rises and falls automatically— then past another valve F, the lift of 
which is regulated by means of the hand wheel and .^crewed 
spindle, and so into the boiler. 

Jho spindle of the valve I' is extended downwards, and .serves 
to stop the valve (' when it has o)K*ned sufiicieiitly. The lift of 
both valves is thus regulated by the same hand wheel. 

The ari.ingement provides for acces.sil)ility to tiie check valve 
while the boiler is under .steam. By closing the valve F, tlie check 
valve and elbow E are isolated 
from the boiler. The elbow E ' 

I 

luav then l)e removed l)v loosen- 
• • 

ing the bolts in the two flanges; 
the clieek valve mnv now be 
examined, i-egiound to its seat, 
and replaced. 

VMarine feed valve.—Fig. ifi.j 
shows the feed valve designed for 
the marine hoilei’s described in 
Chap. X. .1 is the valve, the 
lift of which may be regulated by 
means of the s})indle D and hand 
wheel C. The .spindle is screwed 
to fit a tapped hole in the bridge 
D. Tlie feed water enters at A' 
passes the valve, and entei-s the 
boiler at F. 

Owing to the varying pres.sure at which tlic feed Mater is 
delnered hy the pump, the feed check valve will be contimiallv 

. d teai, the valve is made large in diameter so tliat sufficient area 
of passage past it may be obtained with a small lift 
n.s. j, 



Fio. 105.— Marino fyed valve. 
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Feed water supply. — Boilfj-s may lie fed M-itli water by means 
of feed pumps, wliioli are driven by the main engine (p, 286) or 
independently by a steam engine or other motor. A well-known 
feed pump of the latter type is shown in Fig. 166. There are two 
pumps placed side by side, each putnp rod being connected directly 
to the ))iston rod of one of the two steam cylinders. In Fig. 166, 
one piunj) and its steam cylinder are shown in section. The pump 
is double acting, i.e. it delivei-s water on each stroke forward and 
backward, there being suction and delivery valves for each side of 



Fifi. KW.— Boiler feed pump constructed by the Worthin(fton Pump Company. 


the pump bucket. Tlie pumps work alternately, thus keeping up 
a practically continuous flow »»f water. The steam distribution to 
each cylinder is accomplished by means of slide valves. There are 
no rotating |)arts in the appliance, the slide valve of one cylinder 
being operated by means of a lever connection to the crosshead of 


the other cylinder. 

The injector. -Another means of supplying feed water is by 
means of an injector. In this appliance there are no working jnstons 
or plungei-s, the water being fed into the boiler by the action of 
steam flowing through a tapering nozzle. Fig. 167 -shows in 
section an injector made by Messre. Holden & Brooke, Ltd. 
Steam enters the injector through 5 and passes into a pass-age or 
steam cone E. Water enters the injector at H'and mingles with 
the steam at the combining cone A'. Condensation of the steam 
ensues, thus producing a partial vacuum which maintains an 
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iinvard lUsh of ivater. The Jaisase from A’ to 1)’ e.mvei«ea, h..|„v 
D' will be the place wliere the velocity of How attuiiis its iiiaxmiuiii 
value. Tlie pas.sage then diverges, jnoduciiig a reduced velocity 
towards 4 and thus, hy the well-known law of fluids, gives an 
increased pressure. The dimensions are so ari-anged that the 
pressure produced at L 
is zreatev than that in 
tlic boiler, thus cnahling 
the mingled feed water 
and water of condens'i- 
tion from the steam to 
flow through the delivery 
pipe into the boiler. 

Tlie steam cone. is ad- 
justed by means of a 
screwed spindle I'\ which 
may rotate, but is ren- 
dered incaiiable of axial 
movement by a (ollar (!. 

Rotation of the liandle 
A will thus cause tlie 
steam cone E to rise or 
fall in the injector body, 
and so, at the same time, 
adjust b'>th the steam 
opening at 5 and the 
water opening at A'. A 
scale of steam pres.sures 
at B enables the adjiust- 
ment to he made rapidly 
by bringing the jminter A opposite the sc-ale pressure corresponding 
to that in the boiler. Surplus water is got rid of through gujis 
at D, D'. In working, the injector is adjusted so that no water 
escapes through these gaps. A valve is fitted at M to enable the 
injector to restart without attention after any temporary failure in 
the steam or water supply. The valve opens outwards, permitting 
a free outlet for steam or water, but closes directly the vacuum 
is recovei-ed by the normal conditions being restored. 

I Blow-off valve.— The purposes to be fulfilled by the blow-off 



Fic. 1G7.— Section of tin injector. 
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valve are to empty tlie boiler of water when required for 
poi ioclical inspection of the interior, and also to enable the stoker 
daily to blow off some of the water in order to sweep out some of 
the mud which settles on the bottom of the boiler. 

The example shown in section in Fi<j. 168 consists of two short 
cylindrical valves A and B, sliding one within the other and forced 

apart by a short spring 
placed inside. The ends of 
the cylindei's bear on steel 
seats, Cand I), screwed to the 
body, thus closing the pass- 
age. The passiige is opened 
by the valves A and B being 
slid into the left-hand portion 
of the body ; this sliding is 
etiected by a nick A’ gearing 
with a pinion /’forming part 
of a spindle 6’, which may be 
operated by a large double- 
handed lM)X-spanner pushed 
through a hole in the front 
foot-plate of the boiler (Fig. 
U\). 

The valves, being slid to 
one side, leave a straight 
jwssage through the body, 
tluis enabling tlie water to 
sweep mud, etc., through 
the valve without any of it 
Indgiin.'. To minimise tlie risk of the attendant leaving the 
valve open, and so allowing too much water to escape, the box- 
spanner has a .snug formed on its end. To cause the spanner to 
engage w’itli the square formed on the end of the spindle the 
attendant must pass the sung on the spanner through a slot in 
a cap // enclosing the square. On the spanner being tuined to 
open the valve, the snug will prevent the s))annpr being withdrawn 
until the valve is closed again, tihen the smig will again come 
opposite the slot. As the spanner, projecting above the front 
foot-plate, forims an obstacle to the free movements of the 



[.'Hi, 'SccHnual elevation untl of 
HojikiTison’s hliAv.off valve. 
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attendant, it is not likely to 
be avoided. 

It is very important that 
blow-off valves should not 
permit any leakage from the 
boiler, and fiequent examin- 
ation should be made to 
ensui-e this precaution. 

'^/ Maniole doors.— -M'Neii’s 
/ ^door, for covei ing manholes 
and mudholcs, is used largely. 
The door is embossed by 
hydi-aulic pres.sure from a 
steel plate (Fig. 169). A 
Hanged compensating ring 
or .siiddle, made of steel, is 
curved to fit the boiler plate 
and is machined dat so as 
to form a faced joint with 
the door. The door is placed 
inside the boiler, and is of 


he left in position longer than can 



SECTION 



Fio. ICrfi,— M'N’cil's iloor. 


oval shape in order that it 

mav j)ass through the hole in the saddle. The door is held in 
position by two stud.s, with nuts screwed against two external 

bridges bearing on the 



edges of the hole. The 
steam pres.sure, acting on 
the interioi', pushes the 
door outwards and so 
assists in keeping a tight 
joint without jmtting 
undue forces on the studs. 

/ Fusible plug. — This 
device is intended to 
opeiate, should the water 


Flo. 170.— Fusible plug, V Schaffer k Budenberg. l-Vel in the boiler fall too 

low, by pei-mitting a dis- 
charge of steam into the furnace, thus quenching the fire. It 
consists of a gun-metal body, Fig 170, screwed into the top of the 
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fiiniaco tube over the gi-ate, and having a hole closed by a small 
plug held in its jjlace by easily fusible metal. Should'the plug 
be uncovered by reason of the water level falling too low, the 
fusible metal is melted by the heat of the furnace ; the plug is 
tlieu bhnvn out by the steaui pressure, and a rush of steam into 

the furnace takes place. To 
be at all trustworthy, fusible 
plugs should be sci-aped clean 
very frequently, and yearly 
should be renewed entirely. 

v^educing valve. -Steam 
is frequently re(|uired for 
vai ious purposes at a lower 
pressure than that at which 
it is generated in the boiler. 
To enable this reduction of 
pressure to be elFccted a 
reducing valve i.s employed, 
tlie function of which is to 
“wiredraw’” the steam and 
.so lower it to a steady pre- 
determined pre.ssuie. 

In Fig. 171 is shown in 
section a reducing valve of 
the Auld type as made by 
Me.ssi-s. Schatfer & Buden- 
berg. In this valve the 
steam entere at the top left- 
hand side, is throttled by 
the poppet valve Ay and is 
discharged at a lower pres- 
sure on the right-liand side. 



Fin. 171.— Sectional view of a reducing valve. 


At the bottom of the casing is a plunger B and a rubbei 
diaphragm C. Tlie steam pressure acts on these, pushing them 
dow'iiward against the resistance of a spring D, communicated b} a 
rod E and lever F. The plunger is connected to the valve A by 
a rod a. The areas of the plunger B and of tlie valve A are sucli 
that the upward steam pressure on A is Iwlanced by the dow nwart 
pres.sure on B. An additional downward force is obtained from 
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the reduced steam pressure acting on the top side of tlio valve J, 
and this is balanced by the spring A Any excels pressure on the 
top side of the valve A ^vill result in the valve being pusl. ed 
downwards, and thus cause furtl.er thr..ttling of the st.^m until 
the pressure on the top side of A falls again to the reipnred value. 
The spring D may be adjusted to give varying reduced .s can, 
pie-ssures by rotating the rod E by means of the hexagonal head 
at its lower end. This rotation causes the nut // further to 
compress or release the spring. A’ is a s«de, showing, by the 
position of a pointer on //, the pressure to which tiie valve is 

adjusted to reduce. The water 


of condensation lying in the 
lower jwrt of the casing serves 
to protect the ruhher diaphragm 
from the direct heat of the, 
steam. 

Steam traps.— Steam ti-ajis 
/ are devices intended to diain 
oil' water accumulating in tlie 
steam pipes while, at the same 
time, the escape of steam is 
prevented. There are many 
ditferent types, some of wliich 
are here described. 

Float steam trap.— Steam traps 
of this type are intended to 
operate by a float which is 


ly 



Fn;. 172.— SccUun of ii float btcmii truj>. 


raised when water accumulates in the traj), thus opening a valve 
and j>ermitting the water to escape. In Fig. 172 is shown in sec- 
titui such a tiTip manufactured by Messrs. Seliaffer and Ihidenberg. 
The trap consists of an outer closed vc.ssel A fitted with a screw- 
down lid on the top. B is the float, ojien at the top, and is guided 
vertically hy means of a central rod to which also tlie discharge 


valve' is connected. C is the inlet and D the nutlet. A valve E 
is provided, to be operated by band, and permits blowing tlirougli 
the by-pass (shown black under the cover), thus permitting large 
accumulations of water to be got rid of. It is intended that the 
steam pressure on the surface of the water in the float should be 
sufficient to force it up the central tube and so discharge it. 
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Ajfsimiiiij,' tliut the float is empty and that there is water in the 
oiitor casing, the float will be elevated, niul the discharge valve 
will be closed. As more water collects, its level will rise until it 

begins to overflow into the float. Presently 
the weight of water in the float will be 
sufficient to cause it to descend, opening 
tlie dischai'ge valve as it does so, and tluis 
enabling the steam piessure to discharge 
the water in the float. The water in the 
outer vessel will not be so discharged as 
it is sealed off from the discharge’ oritice 
bv the rttKit. As the wei-jlit of water is 
reduced in the float, it will rise again and 
so close the disdiarge valve. Thus, water 
alone will he di.scharged from the trap. 
This trap must, of course, be arranged 
verticallv as shown in the illustration. 

Expansion steam trap.— In c.xpnsion 
.steam traps advantage is taken of the 
expansion of materials on heating, the 
movement thereby obtained being utilised 
to opente a valve. Fig. 173 shows in 
.section such a trap c<*nstructed by Messis. 
Holden & Brooke, Ltd. The pipe .! is 
connected at C to the to he drained 
of water ; its other eiTTl is fitted with a 
valve K closing the discharge outlet. This 
valve is l^pcrated, in a manner to he de* 
scribed, by the lever 1) and the rods It and 
It'. ./ is a small hiucket wliich may rock 
on a pivot secured to the end of the 
pipe A. The rod It' bears at one end 
against the valve bracket, and at the other 
end against J. The rod It bears against ./ 
at one end and against the lever J) at the other end. Tlie pipe A 
will be heated and exjwnd in the direction of its length should 
steam be admitted to it, and will contract if it contains water colder 
than tlie steam. The rods R It' are practically out of the reach of 
heating and cooling action, and so remain of constant length. 



Fin. 173.— Exp.Tnsion slcaui 
tia|). 
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Steiim being admitted to the tube A, it bec.uies of greater 
length, and as the rods II It' remain of tlie same length as at in st, 
the'^lever will move outwards (assisted by the .spring /-•), tlius 
enabling the steam pressure in .1 to »lo.se the valve A. An 
aecnnmlation of water in A will can.se it to eo<.l and tontra<-t. 'I'ln- 
rods U R' will then opersite on the lever I) and thus ojicn tin- 
valve perjuitting the 
water in A b) escape. I) 

is extended at T to foi-m a ^ ^ j/ 

handle ; by depressing this 
handle the valve may be 
opened for blowing through. 

.1/ is an adjusting [dei-e 
for regulating the valve 
o)iening. 

In the Geipel tiap, the 
diil'erent amounts of expan- 
sion of a brass and an iron 
tube, eavised by steam flow- 
ing tlncuigh them, is utilised 
for operating the diseliargc 
valve. 

Steam separators. —The 
object of a steajii se|)Jii-<itor 
i.s to remove, as far as 
pos-sihle, fine ])aj'tieles of 
water carried along with 
the .steam on its wav from 
the boiler to the engine. 

Water may be present in 
the steam due to priming 

in the boiler, but even if this has been removed there will 
always he a certiiin amount of condensation in steam ])ipes 
along which saturated steam is flowing, and this water, if 
allowed to enter the cylindej-, will induce further eonden.satiou 
during the admission period. There ai-e many different form.s 
of separators, that shown in Fig. 174 being inaimfactuied by 
Messrs. Holden & Brooke, Ltd. In this sepaialor, the steam is 
compelled to whirl and also to reverse its direction of motion 




DRAIN 

Fhu 17^.— Jjcclioiial view tn a stctiin soj^ajutor. 
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several times, while its velocity of flow in the separator is lower 
than tliat in the steam main. 

Steam enters tlie separator at J, and flows downwards between 
the casings B and J. C and 6'* are galleries secured to B, and to 
pass these, the steam has to travel in a circular direction and also 
twice to reverse its direction of motion. The steam jwrticles do 
this with compai-ative ease, but the larger inertia of the water 
particles causes them, in the endeavour to preserve stiaight line 
jnotion, to be thrown against the inner waits of whence they 
And their way to the dmin at the bottom. The steam, having 
reached the bottom of J, passes through a port Dm B into a space 
between B and a third cylinder IC \ having travelled upwai ds 
through this space it is allowed to pass tluough A' and d/into the 
nutlet main. There are vertical projections F, F\ F\ secured 
alternately to the outer wall of K and the inner wall of B. Tliese 
cause the steam passing between B and F to take a sinvious coui'se 
and aid in the removal of any water particles wliich may have 
escaped being discharged in the outer chamber. 


EXERCISES OX CHAPTER XI. 


1. (dve sketches and a desci iptitm of .iny form of junction or main 
stop valve, or a locomotive regulator. 

2. A stop valve is 8" diameter, the working pressure being 120 lbs. 
per square inch. Calculate tlie total pressure on the valve vben 
closed. Suppose the stress on the valve spindle to he limited to .)(KIU 
lbs. per square inch, find the sectional area and the diameter of ttie 

spindle. 

3. (Jive skctche.s and description of any form of water-gauge. 

4. Explain the action and give sketches .diowing the construction 


of a pressure or vacuum gauge. 

5 Sketch and describe the construction of any pattern of safety 
valve. In the valve vou select, explain any wav m winch it is possible 
for the attendant to alter the setting of the valve so as to cause it to 

blow off at an increased pre.ssure. 

/ 6. The diameter of a s^ifely valve of the lever pattern J J® 
weiHit of tlic lever is 10 lbs. and tlie centre of gravity is lo ‘rmn the 
fulcrum. The movable weight on the lever is 90 lh.s. ^ 

the valve is 3), lbs. and tlie distance from the ulcrum to t ^ ^ 

the-valve is 45". Calculate the distance of the 
from the fulcrum in oixler that the valve may blow oft at a steam 

pressure of 80 lbs. per scjuare inch. 
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7. Sketch and explain the constnicticn and working of a feed elieck 
valve. 

8. Explain the construction and working of an injector. Give 
sketclies. 

9. Sketch and describe any pattern of blow-off valve. ^Vliat pre- 
catitions must be observed in this form of valve ? 

10. What is the function of a reducing valve? Give sketclies and 
description of any type of reducing valve lor steam. 

11. Explain the working and give sketches of any kind of steam 
trap. 

12. Wiat is the object in fitting a separator to a steam pipe? 
Sketch and describe any type of scpaiator. 

13. Sketch the construction of a lever safety valve witli balance 

weight, and state under what circumstances such a construction could 
not l>e used. If the lever be 16 inches in length and the centre of tlic 
valve seat is 4 inches from the fulcrum, while the diameter of the valve 
is 4 ineiics, find the wciglit to be placed at the end of the lover so tlmt 
steam may blow off at a pressure of AH lbs. per square incli, the weiglit 
of the valve and of the lever licing ncglcetcd. 1896. 

14. Sketch and dcscrilie the constniction and action of a non-return 

focd-u’ater valve for either a land or a marine boiler. Where and at 
uhat level is such a valve placed on the boiler? 1896. 

15. Describe and show by a sketch tl>c construction of Ramshottom’s 

safety valve for a locomotive engine. How are the lover and valves 
prevented from flying off in the event of the spring breaking? If in a 
Ramstettom valve the two valves each have a diameter of 2^ inclies, 
what would be the pull on the spring when the steam i.s just blowing 
off at a gavige pressure of 140 lbs. to the square inch (neglect the 
weight of the valves and connections). J897. 






CHAPTER XII. 


STRENGTH OF BOILERS. 


Stress.— The material of a body is said to be under stress when, 
if a given section be t<iken, forces are conimuniciited by the portion 
of the body w’hich is situated on ojie side of the section to the 
piu tion situated on the other side. Stress is measured by stating 
the magnitude of the force per unit area of the section ; thus : 

% I 

^ total fojce I 

Stress^ 2 — r — • I 

area of section I 

The units will be pounds or tons per square inch depending on the 
units employed in stating the force, the area being stated in square 



Seamif IB 

Fm. 17j.— Stresses oii a cireumferciitial seam of a cylindrical shell. 


If the forces are of the nature of pull, the stress produced is 
described as tensUe ; push forces pi oduce compressive stress ; should 
the forces tend to make one portion of the body slide on the other 

portion, the section is said to be under shear stress. , 

Stresses in a cylindrical sheU.-Consider a closed cylindrical 
vessel with walls of small thickness compared with the diameter. 


STRESSES IN A CYLINDRICAL SHELL. 



On subjecting the vessel to internal fluid pressure, stresses will 
occur in the material. Taking any circumferential section, not too 
near the ends of the shell, there will be tensile stress uniformly 
distributed over it, due to the pressures on the end plates. 
Refeiring to Fig. 175. 


Let /)=internal diameter of shell, inches ; 

p = fluid pressure, lbs. per square inch ; 

/ = thickness of the plate, inches ; 

/*=:total pressure on the end of the shell ; then 

D II 

lbs. 


The area of the circumferential section of the shell is given 
approximately by 

Sectional area=7r/>x/, s(|uare inches ; 

p 

stress on section 

ttIP 

P^-T- . 

zDt 

lbs. per square inch. 


The stress on a longitudinal section of the .sliell must now be 
determined. The whole length of the .shell need not be con- 


I * • ^ 

sidered, but only thd portion 
'between two cross sections 
taken one inch apart ; for if 
this portion is taken suffi- 
cientlv far from the ends of 
the shell, tlie staying: action 
of the ends becomes negligible, 
and the stresses on all such 
rings will he alike. The fluid 
pressure on the ring is repre- 
sented by the arrows shown 
(Fig. 176), everywhere directed 
perpendicular to the curved 
surface of the ring. Take 
components of these, as shown. 



Fio. 176.— Ring cut from a cylindrical shall 


206 


STEAM AND OTHER ENGINES. 


parallel and perpendifular tn the diameter .1^, and consider the 
portion of the ring above AB. The horizontal components acting 
to^Yards the right and left will balance one another, and need not he 
further considered. The vertical components will have a resultant 
Ry Similarly, on the portion below AB, a resultant force /G will 
act, equal and opposite to Ry. These two forces put the material 
of the ring at A and B under tensile stress, which must now 
be calculated. 

First to obtain R. There will l)e no difference experienced in 
the eciuilibrium of the ring if we imagine it to be Idled up to tlic 



B 



fj 


1 


I'Ki. ITT.— DiagiTiui the 

luagiMtudc of a. 


Vio. l7??.-Stn?sscA oil a 
scatn. 


level of AU with ceinent. The pre.ssnre on the .surface of the 
cement will be perpendicular to AB (Fig. 177) and the resultant 

force due to this will be 

X area of surface of J// 

=px Dx 1 . 

R and now preserve the equilibrium of the ring, tneiefore 

R=Q 

z=pxD. 

Imagine tl.e .naterial at .1 and B to l,e cut, and tl.at fo^a r, J 
are supplied at the sections m order to balance /f (Fig. R ) . 
if the stress on the sections at A and U be called y, 

'r=:q xarea cut at A or B 

=qxt^\. 




Also 
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^=2r. 





lbs. per square inch. 


It Las already been found that a circuinferential seam La.s a 

'pD 

tensile stress equal to , coiisequently the stress on a longitudinal 


seam is Just double that on a circumferential seam. For this reason 
boilers are constructed with the longitudinal joints much stronger 
than the circumferential joints. 


Example. A boiler shell is 6 feet in diameter, and the nictnl is 
thick. If the steam pressure is 100 pounds per square incli, calculate 
the stress on circumferential and longitudinal suctions. 


Total pressure on end of shell = 100 x 


rU'- 



Area of circumferential section=7rD/ ; 


Stress on circumferential section = 

ArDt 4 X l 


100x72 
4 X ^ 

= 3600 pounds per square inch. 
Stress on longitudinal section =7200 pound.s per square inch. 


It should be noticed here, that if a spherical or cylindrical shell 
he subjected to internal fluid stress, the shape will remain spherical 
or cylindrical. In other woixls, such shells are self-staying. Flat 
surfaces, on the other hand, require to be supported or stayed, as 

the thin plates are unable to withstand tmnsverse foi-ces without 
bulging. 

Boiler plates.— Plates for the construction of the cylindrical 
shells of boilers are bent into shape by being passed between 
rolls. Tlie best kind of joint for the meeting edges is one which 
will preserve the truly cylindrical form, such as a butt joint with 
cover straps inside and outside. 

^rnace tubes are bent into shape and the meeting edges are 
welded. This is done in order to avoid any extra thickness of 
metal such as would be produced by a riveted joint, which 
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would be liable to be overheated under woikiti? conditions 
Fuiiijue tubes are subjetrted to external fluid pressure tending 
to produce collapse, which is liable to occur even in a perfectly 
cvliiulrical tube should the external pressure be high enough. 
This is due to want of perfect uniformity in the elastic properties 
of the metal of the tube, which would result in slight deformation 
from the trulv cvlindiical form. This having occurred, furtlier 
defoi'mation is rapidly produced and the tube collapses. Another 
cause of collapse is oveiheating of the top of the tube, should 
the water level in the lioiler fall too low; the part heated is 
weaker than the rest of the tube, and is bulged inwards by the 
external pressure, t.'ollapse sometimes occurs through })art of 
the fuiiiace tube becoming thinner in the course of time, genejally 
due to scale formation on the water side of the tube, M-hich leads 
to the plate being worn away gradually by the action of the Ikuiie. 

Riveted joints. --Tkuler plates are permanently connected by 
riveted joints. In tbe simplest form of joint, the edges of the 
plates overlap, and the rivets are closed up in a single row of 
holes. Such a joint is calh-d a single riveted lap joint ; if there are 
two rows of rivets-a double riveted lap joint. In butt joints the 


Dlates are brought together, edge to edge, and cover plates running 
ilong the seam arc ])laceil either on one or hotli sides. 

RiVet holes are either punched or drilled. Punching injures the 
material of the plate I'omid the hole, ami this must be removed by 
rymering out the holes, whieh, in this case, are punched smaller in 
diameter than the rivet lude is to be, or else the idate must he 
annealed after p\inching. Punching must be done with the plates 
separate, and for thi.s reason the holes will not come exactly 
.)pi)osite one another when the plates are brought together unle.ss 
a special machine is used for .spacing them. The holes piocluced 
bv punching are slightly conical, and the plates are .so pumhed 
that when they are put together the smaller ends of the holes 
are on the inside. This produces a sounder job after the rivets 

are closed. , , ,, , . . _ 

Drilling docs not injure the plate, and is usually done \utli the 

plates in position, so that the holes are bound to come fairly 
opposite one another. Tlie slight hun- raised round the edges of 
the holes bv drilling must be removed by sepaiating the plate 
after drilling and slightly countersinking the holes. 
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The rivets are heated lieftire being put into the holes, and 
the head i.s then formed bv hand hammers and iinislied Uy a 
snap, or else machines M-orked by hydmnlic or pneumatic pres- 
sure are employed. Tlie plates requiie first to be diawn tight 
together by bolts ; the rivet tlien contracts and binds the jilates 
together after the head is formed, as it cools down ; the 
rivets are thereby put under tensile stress of an indefinite 


amount. . , 

Caulking and fullering. -To secure a .steam-tight joint, tlm 

edges of the plates arc caulked or fullered. In the best practice, 
the edges of the plates are planed before being put together. In 
caulking, a narrow tool is employed resembling a very blunt chisel 
having an edge about y thick. With this tool and a liammor tin* 
boilermaker caulks the edge of the plate to a form as shown in 



Fig. 179. In fullering, a broad jwinted tool is used, having a thick- 
ness about the same as that of the plate (Fig. 1^0). In the litiished 
work the edge of the plate is left smooth. 

In the best work, fullering is employed, a.s the narrow groove 
left in cjiulking is liable to increase under working condition.s ; 
fullering also injures the material of the plate to a lesser 
degree. 

Strength of riveted joints.— Consideiing the .strength of a 
single riveted lap joint under pull, we see that it may fail in one 
of four wavs : 

(n) By the material between the edge of the rivet hole and the 
edge of plate opening out {.1, Fig. 181). This would be due to 
the holes being too near the edge of the plate. In practice, it is 
found to be sufficient to make the distance from the edge of tlie 
hole to the edge of the plate equal to the diameter of the rivet for 
rivets f" and greater in diameter, and .slightly more for rivets less 
than this. Thus, for y rivets, the distance is about 
D.s. o 
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(6) By the material of tlie plate crushing at B (Fig. 181. This 
Mould be due to the rivets being too large in diameter, or to the 

jdates being too thin. In practice, 
a rule such as 

d= 

t being the thiekne.ss of the plate in 
inche.s, is used ajid is found by 
e.xperience to be sufficient. 

(c) By one of tlie plates nipturing 
under tension along the line QD 
(Fig. 181). 

(d) By tlie rivets shearing at EF 
(Fig. 181). 

The most economical joint would be 

obtained by so de.signing it tliat the 

liabilities to rupture in the.se four 

M'ays are ecpial to one another. 

There being no exact mathematical 

information as to the strength 
FW. 181.— Showing the wuys iii i / \ 

which a riveted joint may fail. Hgailist I’Upture by methods {(l) 

iuul(i), it i.s eustomary to determine 
tirst the diameter of the rivet for the given plates by the rule 
given in (/>), and then to decide upon tlie overlap of the plates 
as shoM-n in (o). Afterwards (c) and (d) are calculated so as to 
make ^he joint equally strong against failure by tearing along the row 
and hy shearing of the rivets. 




Fio. 182. 


Fio. 183.— Butt joint with single cover strap. 


Bending action on joints.— It must be noticed further that 
when the pulls P, /’(Fig. 18-2) are applied to the joint, they pro- 
duce a couple tending to make the joint assume a form resembling 
tliat shown in the illustration so that P. P will act in the same 
straight line. Joints are occasionally made as shown in Fig. 182 in 
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practice, in order to prevent this bending tendency. Butt joints 
are liable to the same action if there is only one cover strap { Fig. 
183), but with a strap on each side (Fig. 184), this is prevented. 



Application to single riveted lap joint.— Consider a strip of 
the joint equal in breadth to the pitch of the rivets, i.e. tlie diRUiiice 
from centre to centr e of the rivets, measured almig the row. This 
will be the breadth of joint supported by one rivet and so tlio 
conclusions arrived at will be true for the whole joint. 

In Fig. 185 let 

/)=pitch of rivets, inches; 
rf=dianieter of rivets, inches ; 

/^thickness of plate, inche.s ; 

/',=ten8ile stress permitted ; 

;i=shear stres-s permitted. 

Are;i under tensile stress=(p-rf)^ 

Area under shear stress 

4 

For equal strength the following equation must be true : 

Ap-d)i=f!^. 


Taking 


then 


or 


f{jp~d)=f^xyAA 

=0'36./j.7r, 

(p-rf)-$=M31. 
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f, raiif^es in practice from 35,000 to 67,000 pounds per square inch, 
and /, from 43,000 to 53,000 pounds per square inch. The values 
to ])e taken in any given case depend on the number of rows of 
rivets, on the material (wliether iron or steel), and on whetlier the 
holes have been punched or drilled. For iron plates and iron 

rivets, with drilled holes, the i-atio-^ may be taken as 

|=0«, 

which would give for the single riveted lap joint 

(/)-rf)0-94=1131. 


Ex.\mple. Calculate tlic diameter and the pitcli of the rivets for 
plates I" thick connected by a single riveted lap joint. 

d = 1 -2 N^r 


/l 1 ‘O 

= 1-2 J[=L=.=L ncarlv. 
V2 1-41 8 

(p-^)0'94=113I. 


M51 

^'= 01 ) 4 ^"*^'" 
= 2i" ncarlv. 


Percentage strength of joint.-— It will be observed that the 
.sectional area of the ])late along the centre line of the row has 
been diminished after the rivet lioles have been punelied or drilled, 
and that tlierefoic tlie strength of the joint is less than that of the 
unhurt plate. Taking a widtli of plate equal to p ; its .sectional 
area will be d multiplied by t in the unhurt plate and (p~(l)t at 
the centre line of tlie row (if rivets ; therefore 

strength of joint (f>-d)t p-d 
strength of unhurt plate pt p 

In the above example, this will give 

01 1 

= — — =0-59 nearlv ; 

2J 2‘12.) 

or the strength of the joint is about 59 per cent, of tlie strength of 
tlie unhurt plate. 

The percentage strength of otlier joints may be calculated in a 
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siruil&r m&QDer. In estimating p take the line of rivet holes along 
which fracture of the plate by tearing will most probably occur. 

In joints such as that shown in Fig. 184, the rivets are under 
double abear, that, is, they would have to shear at two places if the 
joint gave way by fracture of tlie rivets. Usually butt joints with 
double cover straps are double or treble riveted, having four or six 
rows of rivets in all. In the former case, for a length of joint 
equal to the pitch of the livets, there are four rivet sectioii.s under 
shear, but as these will probably not all be effective, it is customary 
to reckon 3-5 rivet sections only. Jn joints such as this a j)er* 
centage strength of 75 can be obtained. 

Double-riveted lap joint.— In this joint (Fig. 125) there aie 
two rivets per pitch, consequently, 

Area under .shear sti-ess =2-;-. 

4 

Area under tensile stress 

For equal strength tlie following equation must be satisfied : 

Taking, as before (p. 211), ^“^4’ 


then, 


Mp-d) 



or 


/;(p-rf)=/,.7rxO-72, 

(p-d)6 = 2-m. 

Jt 


The percentage strength of the joint will be given by 
Percentage strength = 100. 


Examplk. The plates of a Lancashire boiler 8' 0" diameter are 
thick. The riveU are diameter and the circumferential joints aro 
double riveted lap. The pitch of the rivets being 3|", calculate the 
percentage strength of the joint and the tensile stress on the plates, for 
a working pressure of 150 lbs. per sq. inch. 

Percentage strength of 100 

= 74 . 
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Stress on imlinrt plate 

_stcam pressnrexdiam. of boiler in inches 
4 X thickness of plate in inches 
150x96 
4xJ 

= 4800 lbs. per sq. inch. 

4800x100 


(sec p. 


Stress on plate at joint = 


74 


= 6487 lbs. per scj. in. 

Butt joint.— Taking as an example the longitudinal joint for a 
Lancashire boiler shown in Fig. 124, it will be ob.served that there 
are .six row.s of rivets, and five rivets per pitch of the outside low. 
As the rivets are under double sliear, tliere will be ten rivet 
sections per pitch, and eight of these may be taken as cfi'ective. 
The rivets are diameter and the pitch of the outer row is oil". 


Strength of joint = 


100 


t 




100 


=0-830x100 
=8^ per cent. 

The boiler is 8 feet in diameter and ha.s to witli.stand a woiking 
pressure of 150 lbs. per square inch. The plates are thick. 
Consider the unhurt plate of the longitudinal seam. 

Stress on unhurt plate 

steam pressure xdiam . of boiler 207 ) 

~ 2 X thickness of plate 

K)0 X 96 
“ 2x| 

=9600 lbs. per sq. inch. 

Stress on section at rivet holes 

=9600 x^ 

= 11.480 lbs. per sq. inck 
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Area of one rivet section 
Trd^ 

~ 4 

= 0 693 sq. inch. 

Effective area under shear per pitch 
= 8 X 0-693 
=o-544 sq. inches. 

As the shearing foix-e on this area has to support a lengtli of the 
shell equal to the pitch, we may calculate the shearing area per 
inch length of the shell from 

Shearing area per inch length = 

6-544 
" 5-75 

=0-964 sq. inch. 

The shearing force to be carried on tliis area may be found from 

rt, . steam pre.'wurexdiani. of boiler 

Shearing force = * ^ 

150x96 


=7200 lbs. 

. c-i • * • . 7200 

.. Shearing stress on rivets= — 


0-964 

= 7460 lbs, per sq. in. 


EXERCISES ON CHAPl'ER XII. 

1. A marine boiler shell ia 12' 3" in diameter and is consti-uctcd of 
plates 1^" thick. Calculate the stress on a longitudinal section under 
the ordinary working pressure of 160 lbs. per sq. inch. 

2. A boiler shell is 4' 9" in diameter, the working pressure being 
180 lbs. per square inch. Calculate tlic thickness of plato required it 
the stress allowed is 4J tons per square inch. 

3. Wliy are butt joints preferred to lap joints for the longitudinal 

seams of a boiler? (Jencrally the circumferential joints are of the lap 
type ; give reasons for tins. ^ 

^ 4. Contrast the effects on the plate of punching and drilling rivet 
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5. Explain how the riveted joints in a boiler are rendered steam 
tight. Whieli method is preferable, and why? 

6. Describe and give sketches showing the ways in which a riveted 
joint may fail. How is provision made against each kind of fracture ? 

7. A boiler plate is g" thick and has to l>e connected to a similar 
plate by a lap joint double riveted. Find the principal dimensions oi 
the joint assuming that tlie tensile and shearing stresses arc equal. 
Calculate the percentage strength of the joint. 

8 . Taking tlic percentage strength of the longitudinal joint to bo 80, 
calculate the tliickncss of plate required for a shell 8 feet diameter, 
Winking pressure 120 lbs. per square incli, stress allowed 4?. tons per 
square inch. 

9. A longitudinal boiler stay has to withstand a total pull of (j tons. 
Calculate its diameter for a safe stress of 9U00 lbs. per square inch. 



CHAPTER XIII. 


FUELS. 

Combustion.- Substances wliicli are simply mixed with one 
another may, in general, he easily sei^iated by some mechanicsii 
process. For example, a mixture of sugar ami siiiut can be 
seiwiated by placing tlie mixture in water, stirring uj) and then 
allowin<^ to settle. The sand will sink to the bottom, and the 
water in which the sugar will have diss(»lved may be drained oft’. 
Gentle evapoiation will drive off the water and the sugar may 
be I’eeovered. 

Substances in chemical comhination with one another cannot be 
so sei)aiated, sueli bodies being known as chemical compounds. 
Water is the commonest example of a chemical compound, being 
composed of definite pmportions of hydrogen and oxygen chemi- 
cally united with one another. Air is a mixture consisting chiefly 
of oxygen and nitrogen. Many substances possess constituents 
whicli are able to unite in chemical combination with the oxygen 
of the atmosphere, the pi-ocess being accompanied by the evolution 
of heat and light. This operation is called comhusttoa . Sub- 
stances which are suitable for the supply of heat to be used in 
commercial operations are called fnelg, The princljial combustible 
constituents of fuels are carbon and hydrogen together with com- 
pounds of these bodies called hydroPArhona . 

Some important definitions.— An "element in chemistry is a 
substance which has never been separated into two or more 
substances. Examples of elements are hydrogen, oxygen, carbon, 
copper, and iron. All substances are considei'ed to be composed 
of very small particles, called atoms, which are regai-ded as 
indivisible. A molecule consists of a gi-ouji of atoms, and forma 
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tlie smallest possible portion of a substance capable of independent 

existence. For example, a molecule of xvater is composed of hvo 

atoms of hydrogen and one atom of oxygen, in all gases tho 

same number of molecules exist per cubic foot under simUar conditions 
of pressure and temperature. 

By chemists, the elements are denoted by writing generally the 
initial letter only as a capital. Thus H stands for hydrogen, 0 
for oxygen, C for carbon, one atom of each being denoted by the 
symbol. II., or 2/7 means 2 atoms of hydrogen, other numbers 
of atoms being indicated in tlie same way. If the weight of an 
atom of hydrogen be taken as 1, the atomic wcight.s of some other 
elements are as follows : 


Name of clomout. 

Chemical symlK)|. 

i 

1 

1 

Atomic weight. 

Hydrogen 

II 

1 

Car’oon 

c 

12 

Nitrogen 

N 

U 

Oxygen 

0 

Hi 

Pliosplioru.s 

P 

.11 

Sulphur 1 

1 

s 

.12 


The constitution of chemical compounds is indicated by their 
chemical formulae. Thus the chemical formula of water is II., 0. 
This indicates not only that 2 atoms of II and 1 atom of 0 are 
present in the molecule, but that the weights are in the propoi’tion 
of 2 parts of II to 16 parts of 0. The molecules of hydrogen, 
oxygen, and other simple gases, are each made up of two atoms. 
Thus, the molecule of hydrogen is II^ and of oxygen (L The 
molecule of water, II.fi, will occupy the same volume as that of 
a molecule of hydrogen, //>. No element ran he made to combine 
with any other elements in any proportion by weight other than 
its atomic weight or even multiples of its atomic weight. 

Chemical equations afford the means of repre.senting the com- 
bination of various elements or compounds with the formation of 
new compounds. Such an equation representing the formation of 
water would be 


n^^o^ufi. 
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We may read this equation as : 

(а) Two atoms (one molecule) of hydrogen wlicii comhined with 
one atom of oxygen give one molecule of water ; 

(б) Two parts hy weight of hydrogen when comhiiied with 
sixteen parts by weight of ox-ygen give 18 ])art3 hy weight of 
water. (Notice that as nothing am he destroyed in any chemical 
opeiation, the weigliU on the two sides of the eiiuation mu.st he 
equal.) The pound avoii-dnpois may be used as the unit of weight. 

In reading («), volumes may he sulxstituted for molecules, 
because all g:i.'*es at the same pressure and Uunperature have the 
same number of molecule.^ per cubic foot. Thus, if one culnc foot 
of oxvgeii be used, there will he a cerhiiii numher of oxygen mole- 
cule-s and, to obUiin double this numher of liydn»geii molecules 
at the same pressure and temperature, tw«* ciihic feet of hydrogen 
must be used, so that the eiiuatioii may be read : 

(r) .Two cubic feet of hydrogen when comhined with oncculiic 
foot of o.xygen at the .same tenqiemture and pressure give two 
cubic feet of gaseous water. 

The engineering student .should he cautioned here to write 
always water, not //-O, wlien he means the liquid. //jO may exist 
us ice, water, or steam. 

Other chemical equations useful in the study of fuels are 

C+0 = C0. 

We may take this equation to mean that 12 Ihs. of C when com- 
bined with 10 lbs. of 0 give 28 lbs. of CO. CO, carbon monoxide, 
or carbonic oxide, is a liighly poisonous gas jiroduced by the jiartial 
combustion of carbon with a limited supply of oxygen. To burn 
1 lb. of carbon until it is completely converted into carbon 
monoxide requires, as indicated by the above projKirtions, IJ lbs. 
of oxygen. 

Carbon also combines with double the quantity of oxygen, tlie 
reaction being e.xpressed by the equation 

C+0.= C0i. 

Expressing this equation as weights, the student will find that to 
burn 1 Ib. of Cto CO., requires 25 lbs. of 0. CO^, known as carbon 
dioxide, or carbonic add gaa, is the gas produced by the complete 
eombustion of carbon, which may he secured by a plentiful supply 
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of oxygen. It will not support combustion, and produces death 
in animals by suffocation. 

CO IS combustible, producing CO., as represented by the equation 

C0-\-0=C0.,. 

m 

Tlie combustion of sulphur is represented by the equation 


tlie compound SO, is known as sulphur dioxide. 

Tlie student should expiess in weights the reactions represented 
111 the two above equations for himself. 

C//^, methane or marsh gas, and CJI^, ethylene or olefiant gas, 
are the most important hydrocarbons with which we have to 
(leal. 


Rates of combustion.— Hydrogen, when mixed with its proper 
proportion of oxygen, may be exploded with violence. Hydro- 
carbon gases are also explosive when mixed with oxygen. Carbon 
burns fairly slowly unless it is finely powdered and mixed asa dust 
with o.xygen, in which case an explosion may be produced. Carbon 
monoxide, CO, is also explosive when mixed with oxvgen. 

Amosphoric air. — Ihe atmosphere forms the pi’incipal supply 
of o.xygen nece.ssary to support combustion. The proportions of 
oxygen and nitrogen in the atmosphere are roughly 4 parts of 
nitrogen to 1 part of oxygen by volume, or 56 jiai ts of nitrogen 
to 16 parts of o.xygen by weight. More accurately, the propor- 
tions are 

: 79 of .V to 21 of 0 by volume ; 

( 77 of .V to 2-3 of 0 by weight. 


Taking the rough numbers, it will be seen that if wc require one 
cubic foot of oxygen in any combustion we must supply 5 cubic 
feet of air. If 16 lbs. of oxygen are required, we must supply 


{1G-h 56)'-72 lbs. of air, (»r !p = 4i lbs. of air must be supplied if 


16 


1 lb. oxygen is required, or 4 35 lbs. u.sing the more exact data. 

Nitrogen does not aid or hinder combustion in any way other 
than it gets heated in the process, and so carries off a considerable 
portion of the heat developed, thereby preventing a higher 
tempei"dture from being attained. 

Air required for combustion.— The quantity of air reijuired 
for the combustion of a substance may be estimated from its 
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chemical composition. The Vesult 

quantity of air. Actually, from 50 to 100 per cent, more must be 
given to ensure complete combustion. 

Example. Calculate what weight of air must be supplied for tho 
complete combustion of I lb. of carlwn. 

C+0a=C'0,,. 

12 lbs. earlKin require 32 llw. oxygen. 

1 lb. carbon requires 2J lbs. oxygen. 

For 1 lb. oxygen, 4^ lbs. of air are required. 

Air require<l=23 x4j 
= 12 lbs. 

In practice, from 18 to 24 lbs. of air would be reauired. 

Heating values.— The heat available from the combustion of 
1 lb. of a fuel is called its heating value. The Ijeating value of 
hydrogen may be taken as 62.Q(X) n.T.u. nr 34,500 lb.*deg.-C'ent. 
units; and of carbon 14,500 B.T.U. or 8040 Ib.-deg.-Cent. units 
when completely burned Carbon burned to CO gives 

4450 B.T.U. or 2470 lb.-‘deg.-Cent. units. CO burned to CO^ gives 
10,080 B.T.u. or 3600 lb.»deg.-Cent. units. Sulphur has a heating 
value of 40^0 n.T.u. or 2250 lb.*deg.-Cent units. 

Fuels.— Fuels are either solid, liquid or gaseous. The principal 
fuels in use are coal (solid), petroleum and paraffin oil (liquid), 
l^hting gas and power gas (gaseou.s). 

The value of a fuel for stean> mising purposes is estimated from 
its heating value, percentage of volatile constituents and of ash, 
ease with which it can be bandied, stored and fired, and its cost. 

SoUdfti^i^Coal consists of fo.<vsilised vegetable matter. The 
vegetalioinM past ages being buried in the earth undergoes com- 
pression and slow niineinlisation ; the first product is lignite, a 
cofll which ranges in colour from yellow to dark blown, and is still 
rich in volatile constituents. Further mineralisation produces 
bituminous coal, a fuel which contains a large proportion of volatile 
matter. Anthracite is a coal produced by the elimination of tho 
volatile constituents, and is the mast perfectly mineralised coal 
we have. Semi-hitumlnous and semi-anthradte are coals intermediate 
in composition. 

Principal constituonts of coal. — These are carbon, hydrogen 
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and oxygen. The best qualities of anthiacite contain more than 
90 per cent, of carbon ; bituminous coal contains from 50 to 60 per 
cent, of carbon and up to 30 per cent, of volatile matter. Semip 
bitmiiiiious coals have proportions of carbon and volatile matter 
between these. The percentage of oxygen ranges from about 15 
in the best anthracite to 30 or 40 in the poorest lignite. Ash 
varies from 3 per cent, in the highest classes of coal to 25 or 30 per 
cent, in the poorest. 

The volatile matter in coal is composed chicHy of hydrocarbons. 
These make the coal easy to burn, and facilitate the jnoduction of 
dame. To burn hydrociirbons ct>mpletely a high temperature and 
a plentiful supjdy of air are simnlUineously rejjuired. Failure to 
secure these conditions with bituminous coal will cause black 
smoke To be, fonn^.^ MucIj' ash ^ises the furnaces to become 
dirty, and clinker niay be formed by the fusing of the asliT^h 
the consequent clioking of the air spaces in tlie furnace. Sulphur 
in coal is deletcriou.s to tlie furnace plate.s. 

Anthracite i.s usually jet black in colour and i.s very clean. 
Sudden application of heat causes it to break up into small pieces. 
It is best worked with light fires and forced draught, and the 
furnace sliould be of ample capacity, as the heat is very intense. 
There is no smoke produced during the combustion. 

Semi-anthracite and semi-hituminous c<ials are much used for 


steam raising purposes. The best Welsh coal contains just 
surticient volatile matter to secuie easy combustion without the 
production of black smoke. Other qualities vetpiire more care in 
the stoking to secure this result. 

Bituminous coals are useful for the manufacture of gas, for which 
purpose the large ipiantity of volatile matter jireseiit makes them 
valuable. 

Lignite may contain from 60 to 70 per cent, of carbon, llie 
poorer qualities, containing as little as 30 ])er cent, of carbon, lire 
not suitable for use in boiler furnaces. 


Other solid fuels are coke, produced from coal by destructive 
distillation so as to drive off the volatile constituents— coke is the 
residue, consisting of carbon and ash; wood ; charcoal, produced 
from wood bv driving off moisture and volatile matter, leaving 
practically pure carbon ; peat, wliich is the remains of compara- 
tively recent vegetation found in boggy soils. 


FUELS. 


223 


A few heating values of solid fuels are here given. 


Heatisg Values ok Solid Fuels. 


Fuel. 

llcatinj? Value, 
p.T.r. per \h. of hiel. 

Bc.st W’clsli coal, 

la.fKK) 

Average Newcastle coal, • 

i4,firK) 

Average I)el•b^•shiI'c coal. • 

13,‘)0(> 

® * 1 
Average Lancashire coal, • 


Average Scotch coal, 

14, m 

Lignite, . • • • 

n.rj(M) to 14, (XX) 

Fairly dry peat. 

1(),(KX) 

Coke. .... 

13.(KXI 

Woo<l. . . - . 

alxait .1 that t»f coal 




Liauid ftiel.— Mineral oils suitahlc for fuels aife obtained a8{n) 
cnK^e petroleum, {!») paraffin oil. These oils consist of mixtures of 
various hydrocarbons. 

Crude petroleum is discharged from natural reservoirs in the 
earth's crust tlirough wells which are drilled in likely places until 
oil is struck. The bulk of the supply comes from the United 
States and Russia. Crude petroleum is refined by a proce.ss of 
distillation, a number of different substances coming off, and 
leaving finally a thick residue. Gasoline, burning oils, oils suitable 
for gas making, lubricating oils, paraffin wax, etc. are thus pro- 
duced. Crude peti’oleiun and the residue from the distillation 
process may be used instead of coal in boiler furnaces for steam 
raising purposes. The light gasoline oils and the heavier burning 
oils are suitable for use in the cylindeis of intei’nal combustion 
engines. 

Oils of low specific gravity (0‘6 to 0‘75) such as gasoline, petroleum 
spirit, lieiizoliiie require careful handling, as at ordinary atmosplieric 
temperatures they continually give off inflammable vapour. A 
light brought near any of them, but not in actual conUict, will 
cause the oil to take fire. Special precautions must therefore be 
taken in their storage, and in no circumstances should a naked 
light be introduced to the store-room. Oils of this class are largely 
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used for motor-cars and for this purpose are very suitable, being 
very easily brought into the state of vapour. The vapour, when 
mixed witli a proper proportion of air, forms an explosive mixture 
to be used in the engine cylinder. 

The heaviei- burning oils, specific gravity 0-78 to 0-828, are safer 
to handle. Oils such as Royal Daylight (Americiin) and Russolene 
(Russian) do not give off infiammable vapour at ordinary atmo- 
spheric tempei-ature. These oils may be easily vaporised by first 
finely dividing tliem by spraying, and then heating the spray. 
The resulting vapour, M-hen mixed with air, gives the requiiecl 
explosive mixture. 


Paraffin oil is manufactured by distilling bituminous shales 
and boghead coal. One of the best known seams of such shale 
is at Brf)xburn, neaj- Kdinbuiglj. 

Flash point — Tlie temperature at which an oil begins to give 
off inriammable vapour is called its flash point. In this country, 
the legal te.st is performed in the Abel a))paj;a^s. The apparatus 
consists of a cup to contain a certain (juantity of the oil under 
rest when filled up to a standard mark. The cup is surrounded by 
a bath of water which is adjusted at 130’ F. befoie the cup is i)laced 
in position. The cup is clo.sed by a cap, furnished with a small 
slide which may be drawn open by hand, the .same action lowei ing 
a tiny gas jet into the interior of the cup. A pendulum 24" long 
is supplied with the ap|)aratus. Three swings of tlie pendulum 
give the proper time for opening the slide and one swing for 
closing it. Thernioiuctci-s aie in.serted in the water hath and 
into the space in the cup just above the oil surface. As tlie 
temperature of the oil rises and attains 66’ F.. the slide is drawn 
as descril)ed, and this is repeated at every suhsequent degree until 
a flame is observed to spread inside the cup when the slide is 
drawn. The tejuperature at which this occui-s is called the flasli 
point of the oil bv Abel’s clo.se te.st. {Close because a closed cup 
is used.) No oil mav be sold for illuminating purposes in this 
country which has a flash point by this test lower than 73' *F. 
This is equivalent to a flash point of about 100* F. when an open 
cup is used. 

Properties of some well-known oils. -Royal Daylight oil has a 
flash point of 81’ F., Russolene, 88' F., and White Rose (American), 
105' F. 
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The composition of refined petroleum may be Uken as aveiaghij; 
86 per cent, of carbon and 14 per cent, of hydrogen. Rufwolenc 
oil has a specific gravity of 0'825 and its heating value is about 
20,300 B.T.0. per lb. Royal Daylight oil has a specific gravity of 
0*797 and a heating value of 20,100 b.t.u. j>er lb. 

Petrol of specific gravity ()-678 has a heating value of 19,fi00 
per lb. Crude petroleum, American, has a specific gmvity 
0-886, Russian, 0'938. The heating value vaiies fi’om 19,000 to 
19,600 B.T.U. per lb. 

Petroleum refuse has a specific gravity from 0’906 to 0’928. Its 
heating value averages 19,000 B.T.U. per lb. 

Gaseous fuel.— The fuels of this class in common use arc (<i) 
oHInaryTigliting gas, ( 6 ) producer gases manufactured specially 
for power purposes, (e) gases produced as by-products from otlier 
processes, (cf) natural gas. 

Ordinary lighting gas is produced by beating bituminous coal in 
closed retorts, when the volatile constituents are driven oil’, and, 
after purification, are available for lighting and heating. The con- 
tents of tlie retorts at the completion of the process con.sist of 
coke. Lighting gas is often enriched by the addition of oil vapour. 
The constituents of lighting gas vary considerably in difi'erent 
localities. Ordinary proportions by volume are : 


Constituent. 

PcrecntMgo 

volatile. 

Constituent. 

Percentage 

vulume. 


51-81 

CO 

8-95 

CH. , 

35-25 

0 . 

# 

0-08 

C 2 H 4 . 

1 

3-53 


0-38 


Tlie heating value ranges from 600 to 750 b.t.u. per cjibic foot. 
The quantity of gas j)roduced from a ton of coal varies from 7000 
to 16,000 cubic feet, depending on the kind of coal used. 10,000 
cubic feet may be taken as an average yield. 

Producer gases.— Dowson gas is pi-oduced by blowing a mixture 
of air and superheated steam through incandescent anthracite or 
coke. This fuel is used to prevent clioking of the producer by 
tarry matter and clinker. The resulting gas is composed chiefly 
n.8. P 
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of liydrogen, carbonic oxide, and nitrogen. The average proper 
tions by volume are : 


Oowsex Gas. 


Cuiibtituctit. 

1 

Percentage 

1 volume. 

1 

Constituent. 

1 

1 

Percentage 

volume. 

1 

H., 

18-73 

CO.. i 

6-57 

CH 4 

1 0-31 

0 ..’ 

003 

C 0 H 4 

031 

N. 

48-98 1 

CO 

250: 


i 

1 


Tlie average beating value is ICO b.t.u. per cubic foot. Modern 
gas engines use about 75 cubic feet of Dowson gas per indicated 
horse-power per hour, which works out to a consumption of about 
1 111 . of coal per lioi-se-power hour. 

Mond gas is produced from bituminous slack by blowing air 
saturated with steam at a tempeiature of 70’ C. through the coal 
which is kept burning at a dull red heat. The combustion is 
efiected without the production of clinker or tarry matter, and the 
^^’h()le process is designed to avoid loss of heat. The average 
proportions by volume are : 


Mono Gas. 


Constituent. 1 

1 

Percentage 

V4»lume. 

1 

• 

Constituent. 

Percentage 

volume. 

H. 

28 

CO. 1 

15 

CH4 

1 2 

0 , 

— 

C...H4 , 

traces 

N.. 

43 

CO ! 

1 

12 




The average heating value is 160 B.T.r. per cubic foot. About 
70 cubic feet per indicated horse-power per hour are used in gas 
engines. About 1.50,000 cubic feet of gas are obtained from 1 ton 
of bituminous .slack. 

Suction gas plants have recently come into consideiable use 
for supplying gas to small engines of about 10 to 60 n.P. 
Anthracite or coke is burned slowly in a small producer, using 
about li lb. per hour per brake hoi-se-power. The air required 
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to maintain the combustion is dmwn tlirougb the producer by the 
action of the engine piston during the suction stroke. The air ih 
heated and chargecl with water vapour before entering the prc^ 
ducer where cliemical action residts in a gas being given of! 
containing roughly 29 lbs. of CO, U lbs. H, 57 Ib.s. N, and 12 lbs. 
of CHDj per 100 lbs. The gas is then cooled and is di-iwn into the 
cylinder together with the further pioportioii of air re(niired to 
form an explosive mixture. 

OU gas is manufactured by treating heavy mineral oils. Water 
fas is produced by blowing superheated steam tlirough incan- 
dfescent anthracite or coke. 

By-product gases.-Bla8t-mrnace gas is given olf from hlast- 
furnaces during the smelting of iron ; this gas may be used in 
boiler furnaces or in the cylinders of gas engines. The ga.s given 
off from coke ovens during the manufacture of coke from bitu- 
minous coal may also be used for heating ]Hirj)oses. 

Nattiral gas occurs largely in the United States. Wells are 
bored until gas is reached, wlien it is discharged at a higli pressure 
and is available for direct use f<»r ligliling and iiower puipnses. 
The principal constituent is mai^h gas. rittsburg natural ga.s 
has an average heating value of UKX) H.T.L'. per cubic foot. 

Calculation of heating value.— Tlie lieaiing value of a fuel 
may be calculated from its com|K>.sition as found by a chemical 
analy.sis. To carry out .such an analysis requires the services of 
a highly skilled chemist, and the results obtained from the sub- 
sequent calculation are doubtful. The method is to estimate the 
heat available from each constituent, using the heating value of 
the element in the calculation. If oxygen and hydrogen are both 
pi'esent, it is a.s.sumed that some of the hydrogen is comhined with 
the oxygen as water, and, as no heat will be available from this 
part of the hydrogen, which is already completely in combination, 
it is deducted from the total hydrogen present, thus : 

Let 0= quantity of o.xygen present, 

H= „ hydrogen „ 

Then, since 8 by weight of oxygen are required to form M-ater with 
1 by weight of hydrogen, 

^ H - ^ ^ = hydmgen available for heating. 
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Ex.^mple i. A sample of petroleum contains 86 per cent, of carbon 
and U per cent, of hydrogen by weight. Calculate its heating value. 

Ill I lb. of the oil there will be lb. of carbon and ^ lb. of 
hydrogen. The heating values of these elements are respectively 
U,r)(H) and 62,000 B.T.U. per lb. 

Heat available from the carbon in I lb. of the fuel 

= 500=12,470 B.T.U. 

Heat available from the hydrogen in 1 lb. of thcTiiel 

=AV^6'2,0{)0= 8,680 B.T.U. 

Total heating value of 1 lb. of the fuel=21,1.50 b.t.c. 

It will be noticed in this calculation that it is assumed that the 
water vapour resulting from the combustion of the hydrogen ha.s 
been condensed and cooled to ordinary atmospheric temperature, 
giving up latent and sensible heat. In very few practical opera- 
tions will this occur, and the heating value as found above 
conseiinently represents a greater quantity of heat than will 
be available usually in practice. Since 1 lb. H gives 9 lbs. water, 
the fuel in the above e.xample will produce on combustion 
jijLx9=r2G lbs. water. Deducting say 1100 b.t.u. of latent and 
sensible heat for each lb. of water gives a total deduction of 
linux l-26 = 138r) B.T.U. 

The heat available in the fuel will therefore be 

21,150-138.5=19.770 B.T.r. per lb. fuel. 


Kx.vMi’LE ii. A sample of Wel.di coal has the following percentage 
composition : 

C • - - - 88-26 

H - • - ■ 4-66 

0 - - • - 0-6 

S - - - - 1-77 

Ash, etc. • - • 4-71 

100-00 

Calculate its heating value. 


Available hydi-ogen 
in 1 lb. coal 


} 




=0-04.58 lb. 
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Constituent 

Heating value of 
constituent 
B.T.U. per lb. 

Weight of const!* 
tueut available 
in 1 lb. of fuel, 
lb. 

Heating 

value 

KT.U. 

4 

c 

14,500 

0-8826 

12,800 

H, 

62.000 

0-0458 

2,840 

s 

4,000 

0-0177 

71 


Tot*l heating value = 15, 711. 

It is customary to neglect the small quantity of sulphur in coal in 
estimating the heating value. 


Equivalent evaporation.— 'Fhe heating value of a fuel is often 
stated by engineei'S as the weight of water in lbs. at a teiuperatiire 
of 212° F. which could be converted into steam at the same tem- 
perature by the application of the heat contained in one pound of 
the fuel. This quantity is called the equivalent evaporation of the 
fuel. 

Each pound of water so evapoiated would take up 907 b.t.u., 
consequently, for a given fuel : 


Equivalent evapoiation = 


heating value in b.t.u. per lb. 
967 


Example. Calculate the equivalent evaporation of a fuel Imving a 
heating value of 15,461 b.t.u. per lb. 

r. • , * 15,461 

Equivalent evaporations-^^ 

= 16 nearly. 


To obtain the heating value of a given sample of fuel by chemical 
analysis requires a skilled chemist, as has been stated, and there- 
foi-e it is more customary for engineers to estimate the lieating 
value by use of a calorimeter in w’hich the fuel is burned in 
an atmosphere of oxygen, the resulting heat being imparted to a 
measured quantity of water. 

Testing for heating value of coal— It is by no means easy to 
devise a calorimeter for detemining the heating value of a given 
sample of coal which shall he simple and at the same time certain 
in its action. The Darling calorimeter probably is the one which 
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most nearly possesses these qualities. In this instrument (Fig. 186) 
a weighed quantity of the powdered coal is contained in a crucible 
6 lield m clips secured to the top of a short brass tube A A 
p ate /f IS also secured to the tube, and serves for the atUchment 
of thiee legs X, on which tlie instiumeno rests, and also for the 
support of a bell glass B which is made water and gas tight at B 
by means of rubber rings and a brass ring secured by thumb 

screws. A very short cylinder ff, 
formed of two brass plates and a 
ring at the edge to keep them apart, 
is fi.xed to the bottom of A. The 
upper plate is perforated witli a 
number of small holes. The top 
hole of the bell glass B is closed by 
means of a rubber stopper through 
which jia.sses a central brass tube 
connected by a tle.xible tube at 0 to 
an o.xygen cylinder. Two brass 
wires II , 11’ also |)ass through the 
stopper and are connected at /’ 
and Q to leads, so tliat an electric 
current may be passed througii a 
platinum or iron wire wliicli dips 
into tlie powdered coal. The wliole 
instrument isinmiei'sedin a measured 
(juantity of water contained in a 
vessel iS. On passing the current 
the wire will become heated and 
ignite tlie coal, tlie action being 
assisted by the oxygen. Combustion 
of the coal is completed under a 
continuous supply of oxygen, the products of combustion passing 
downwards through /I, then througii tlie j)erforations in II into the 
surrounding water. Passing upwards, the escaping bubbles are 
detained long enough by the plate R to give up most of their heat 
to the water before finally escaping to the surface of the water. 
The temperature of the water is taken before and after the 
combustion by a thermometer T. The following directions should 
be followed. 



Fio. 18G.— Darliiu? calorimeter for 
testing the value of coal or 

other aohiJ fuel. 
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ExPT. 31. Grind up an average sample of coal in an iron mortar, 

Weigh out one gram in the crucible. Measure out 1400 o.c. of water 
into the vessel S, first bringing the temperature of tlie water to about 
2-5° C. below the temperature of the room. Place the crucible in 
position and fasten the bell jar down. Insert the rubber stopper in the 
neck so that the ignition wire is embedded in the fuel. Adjust the 
oxygen tube so that its mouth is about above the coal. Turn on a 
gentle stream of oxygen and immerse the apparatus in tlio water, 
taking care to adjust the prassure of the oxygen .supply so that the gas 
may be able to overcome tlie head of u’ater and so keep u ater out of 
the bell glass. Note carefully the temperature of the water and 
complete the battery circuit. As soon as the fuel is igtnlcd, diacouneot 
the battery and allow tlic combustion to proceed ; direct the stream of 
oxygen so that every particle of fuel is burned ; the rubber stopper 
permits this to be done easily. When combustion is complete, 
thoroughly mix the water by raising the combustion arrangement up 
and down until no further rise in temperature is observed. Note this 
temperature, then remove the combustion arrangement from the water 
vessel and shut off the oxygen supply. 


The heating value may now be calculated. 

Let (?=heating value in gi'am-calorics per grant of coal, 
ir= weight of water used, grams, 

1l(=water equivalent of instrument, grams, 

!![,= weight of fuel burned, 
f=rise in temperature of water, degrees C. 

Then 


+ gram-calories per gram of coal 
* ^^xV8) n.T.u. per Ib. of coal. 


In the case of a platinum wire being used to start the com- 
bustion, none of it will be consumed, and the heating eflfect of the 
current used may be neglected provided care is taken to have 
the time during which the cun-ent is on as short as possible. If 
an iron wii-e is used, a deduction sliould be made for the quantity 
of heat from the wire which has been burned. This amounts to 
l.'>75 gram-calories per gram of wire actually burned. Sulphur may 
be used to start the combustion prior to placing the rubber stopper 
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ill ))osition ; O Oo gram of sulphur will be a sufficient quantity, and 
ill this case a deduction of 110 grani-calories should be made from 
tlie final result for the heat evoh ed from this quantity of sulphur. 
Tlie oxygen stream should be adjusted before placing the stopper 

in position, and the sul- 
phur ignited by passing 
a red hot wire into the 
bell glass so as to touch 
the sulphur. Place the 
stopper at once into 
{KKsition and immerse 
as (juickly as possible, 
afterwards proceeding as 
before. 

Heating values of gas- 
eous and liquid fuels may 
also be determined bv use 
of the Darling Calori- 
meter in a slightly altered 
form to permit of the 
safe and complete combus- 
tion of the gas or oil. 
The makers are Messi-s. 
(iallenkainp. 

Boys’s gas calori- 
meter. —There is no 
simple form of apparatus 
available for the beginner 
to employ in determin- 
ing the heating value of 
gaseous fuel. The follow- 
ing apparatus is in use 
at the Metropolitan Gas 
Works, and has been devised by Prof. C. V’. Boys, F.R.S. The 
makers are Messrs. Griffin & Suns, Ltd. The method consists 
in causing a steady current of circulating water to take ,up the 
heat evolved by the burning gas, and is of particular interest 

to engineers. 

The calorimeter is shown in section in Fig. 187. The gas is 



Fio. 187.— Section of Boys* s calorimeter (or test 
inj^ t)a* heating value of tras. 
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burned at two small union jets B, giving off products of conibuation, 
which rise into the bell H and then descend outside the chimney E. 
Here the hot gases come into contact with coils containing the 
circulating water ; the coils ai-e made of Clarkson's motor car 
radiator tube, so as to be capable of rapidly abstracting the heat 
from the gases. The circulating water enters the outer coil at the 
union 0, and, after passing through the outer coil N and the 
inner coil i/, entera the sjjace K above the bell //, where it 
circulates between two dished nii.xing plates, finally leaving at 
the union P. Thermometera at 0 and P enable the inlet and 
outlet temperatures of the circulating water to be measured. 

Part of the products of combustion consists of steam. Tlii.s 
steam will condense on coming into conbict with the water-cooled 
surfaces, and the resulting water will fall to the bottom of the 
instrument, where a water bath is formed in which the two lower 
turns of the coils are immersed. The bath serves to keep the 
chinmey E cool, but not cool enougli to rause comlensjition to 
occur on its inner surface. A n overflow F i.s provided for drawing 
water from the bath. The coils M and ^Vare separated by a liei't 
insulator containing cork dust. 

The instrument is used in conjunction with an accurate gas 
meter, a gas governor, and vessels for measuring the quantity of 
ciiculating water. Observations aic taken of the quantity of gas, 
and of the quantity of circulating water witli its initial and final 
temperature. From the.se data the heating value is calculated, 
certain corrections being applied. 

Relative advantages of solid, liquid and gaseous fuels.— In 
contrasting the commercial value of a given fuel the following 
points, as well as the prime cost, should be remembered. 

The ease with which coal n>ay be procured and distributed in 
most districts rendera this fuel by far tlie most useful. 

With liquid fuel, dust such as is produced in storing coal is 
absent. Practically double the power of coal for stejini raising 
puiposes is available when liquid fuel is used, and the rate of 
combustion may be very easily varied to suit the given conditions. 
The use of oil fuel for locomotives and ship propulsion is rapidly 
extending. 

Gaseous fuel manufactured specially on the large scale is very 
cheap, and distribution of the fuel tlirough pipes to small 
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consumeis may be effected with very little waste of energy. 
Engines may work economically with by-product gases which 
would otherwise be wasted. 


EXERCISES ON CHAPTER XIII. 

1. Define the terms “ehemieal compound,” “combustion,” “fuel.” 

2. Calculate wliat w eight of oxygon is required to burn .3‘5 lbs. of 
hydrogen ; also the quantity required to burn completely 85’6 ll)s. of 
carbon, 

3. Describe the properties of carbon monoxide. Calculate what 
volume of oxygen is required to burn 100 cubic feet of carbon mono.xide. 

4. State the composition of the atmosphere. In Question 2, cab 
culate approximately in each case what weight of air would be required. 

6. Calculate the heat available in one ton of carbon. 

6. Write a brief descrii)tion of tlie coiirtnuii varieties of coal. 

7. A coal contains 80 per cent, by weight of carlwn, 5 of 
liydrogen and 10 of oxygen. Calcidale its heating value. 

8. In Que.stion 7, calculate approximately the weight of air required 
for complete combustion of I lb. of the coal. What weight of air 
would be required in practice? 

9. What is petroleum ? In wliat forms is it used as fuel ? 

10. Give a brief account of any kind of gas manufactured for power 
purposes. 

11 . Define “ equivalent evaporation.” In a certain boiler trial, coal 
was used having an equivalent evaporation of 15 lbs. of water from and 
at 212^ F. State the lieating value of the coal in u.T.r. per lb. 

12. In comparing the following methods of generating heat, pay 
attention only to cost, leaving convenience and other matters out of 
account. 

1 lb. of average coal gives out 8.701) centigrade pound beat units. 

1 cubic foot of average London gas gives out 380 centigrade pound 

licat units. . 

A Board of Trade unit of electrical energy is li horse-power houi-s. 
How’ mueii heat is generated by one ton of coal? If the gas costs 
3 shillings per thousand cubic feet; if the Bo.nrd of Trade unit cost 
sixpence ; what is the cost in the.se two cases of the amount 
given out in burning one ton of coal. 

13 A pound of oil contains 0'85 lb. of carbon and lb. of 
livdrogcn. What weight of oxygen is sufficient to produce Ca amt 
H.,0 bv combustion? (Take the atomic weights of C, 12; ol V, it), 
of’//, 1.) If 1 lb. of oxygen is contained in 4-35 lbs. of air, how m^J 
lbs. of air are needed for complete combustion ? L”-*)- 
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14. A boiler furnace fire is alwut 12" thick. What is known as to 
the way in which tho combustion is going on at various places in tlio 
coal and above it and in the space just on the furnace side of tlic flues? 
Take any state you please ; just before fresh coal is supplied or after, 
but you must say what the conditions ai-e. 1^. 


CHAPTER XIV. 


EFFICIENCY. 

« 

Waste of energy.— Some of the sources of loss in tlie steam 
engine and boiler, and the means taken to produce the best results, 
must now be examined. The student will find it useful to consider 
the following calculations. 

Example i. In a certain economical steam plant, the engine give? 
one horse-power for an hour for each U pounds of coal fed ince 
the b^ler furnace. The heating value of the coal is lo.btK) b.t.U, 
per Ih. What percentage of the heat energy of tlic coal is 
transformed into mechanical work? 

Energy derived from 1 h.p. = .33,000 ft. -lbs. per min. 

= (33,000 x 60) ft. -lbs. per hr. 

Energy supplied to produce this=15,000x 

=22,500 B.T.U. 

Taking /=778, 

Energy supplied =22,500 x 778 

= 17.500,000 ft. -lbs. 

^ . , .33,000 x 60 

Required percentage = q((q idU 

= 1 1 3 . 

The remaining 88 7 per cent, of the heat contained by the coal lias 
disappeared in various ways as waste. 

Example ii. In the boiler of the above steam plant, the feed water 
enters at a temperature of 240’ F. The steam pressure is 175 lbs. 
per sq. in. absolute, and 11 lbs. of water are converted into steam for 
each lb. of coal burned. Calculate what percentage of the heat energy 
of the coal is taken up by the steam leaving the boiler, assuming such 

steam to be dry. 
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From the Table, p. 454, the total heat of steam at 175 lbs. per 8f|. in. 
absolute is 

/r=ll94‘9 B.T.U. (reckoned from 32° F.). 

As the water enters the boiler with a sensible heat given by 

A=240-32 
= 208 B.T.U., 

it follows that 

Heat supplied to 1 lb. of steam in the boiIer= 1 194'9 - 208 

=986‘9 n.T.U. 

I 

Heat entering steam for each Ib. of coal=986'9 x 11 

= 10,800 D.T.l'. 

Required percentage sryTjjrx 100 

1 0)UUU 

= 72-4. 

Example iii. In the above steam plant, the engine produces a horse* 
power for an hour for every 18 lbs. weight of steam supplied. The 
steam is exhausted and condensed into M'ater at a temperature of 
130° F. Calculate what percentage of available energy is being 
converted into u'ork, assuming the steam in the steam cliest to bo 
dry. 

The steam entering the engine has a total heat of 1194‘9 b.t.d., 
and the heat in each lb. of water leaving the condenser amounts to 
(1.30-32)=98 B.T.u. The available energy per pound weight of steam 
is tlierefore given by 

Available cnerg)’= 1 194‘9 - 98 

= 1097 B.T.r. per lb. 

Available energj’ per hour=1097 x 18 

= 19,750 B.T.U. 

Work produced per hour=33,000 x 60 

= 1,980,000 ft. lbs. 

1.980,000 

778 

=2545b.t.u. 

2545 

■ Required percentages, 100 

lU, /t)U 

= 129. 

The remaining 87 ’1 per cent, of the heat supplied to the engine is 
wasted. 

It may be observed from these examples that tlie boiler is by far 
tile most efficient part of the plant. In the boiler the action 
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consists in tlie mere transference of heat energy from the furnace 
to heat energy in the steam, anti such an operation is conducted 
with but little loss. In the engine the energy has to be converted 
from the form of heat into that of mechanical work, and operations 
of this character are always accompanied with great waste. 

Causes of waste in the engine -Tn the attempt to minimise so 
far as possible the waste of energy in the engine, engineer's have 
been led to study the important effects of the action of the cylinder 
walls on the steam and water present in the cylinder, and also the 
leakage past the valves and piston. The stodent must guard 
against the eraoi' of supposing that the mechanism intei'vening 
between the piston and crank has anything to do with wastage 
other than the unavoidable wa.ste clue to frictional resistances. 
The principle of the conservation of enei'gy teaches that whatever 
amount of mechanical woi-k is done on the piston will a])pearas 
work done on the crank pin less that requir ed to overcome the 
frictional resistances of the mechanism. The wasted power due 
to this cause may be calculated by taking the difference between 
the i.H.r. and n.n.i’. 


Exami’LK. The i.H.r. of an engine is oO. The b.h.p. is 44'j. 
Calculate the meclmiiical efficiency of the engine and tire energy wasted 
in overcoming frietioiral resi-stances. 

Mechhrrieal cffieiencv = ^^^-^^ (p- IW) 

• I.H.I*. * 

_44r) 

“ 50 
=0-89 

= 89 per cent. 

The remaining 11 per cent, of the energy supplied Is wasted rn 
overcoming frictional resistances in the engine. 

Huise-|X)wer wasted = i.H.r. 

= 50 - 44-5 
= 5*5. 

It is found that the mechanical efficiency generally lies between 

75 and 95 per cent. . 

Action of the cylinder jaUs^Unless the steam supplied rs 
superheated, the contents ot the steam chest always consist of 
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steam with a compamtively small jjercentagc of water. On 
admission, this mixture enter's tlie cylinder and meets surfaces 
which have been cooled during the previous exhaust sti oke, having 
been in contact with cool exhaust steam. Consequently, much 
of the entering steam is condensed, its heat being imparted to the 
walls of the cylinder. In bad cases, as much as 30 per cent, of the 
entering steam may he conden.sed More the poir>t of cnt-oll' is 
reached, giving a mixttire of half-water and half-steam by weight 
in the cylinder at tliat point. Duritjg exjwnsion, the mixture falls 
in pressure and also in temperature. A point will be I'caebed beyond 
which, as expansion goes on, the tempeiatiire of the mixture will 
he lower than that of the walls. Heat will then pass from the 
walls into the mixture and will he expended in re-cvapoiatittg 
some of the water formed from the steam e<mdensed during tlie 
admission period. On the exhaust valve <i|»enitig, the contents 
of the cylinder will still con.sist largely of water, but the pres-sure, 
and consequently the tempci'ature, of the mixe<l steam and watei’ 
will be much lower. The action of the hot walls will therefore 
be very vigorous, and the water will be evaporated rapidly, thus 
increasing the back pressure by tlie generation of steam and 
also producing the nndeairahle elTeet of cooling the walla so 
that condensation will be emrgetic during the next admission 
period. 

Means of limiting the action of the walls. — The action of the 
cylinder walls would be practically negligible if we could prevent 
the entry of water into the cylinder, and also its formation after- 
wards by condensation of some of the steam. Dry steam only 
should enter the cylinder, and, in order to secure this result, 
separators are often placed in the steam supply pipe close to the 
steam chest. Thi.s device gets rid of most of tlie water Ciiri ied 
along the steam pipe. A more efficient way Is to employ super- 
heated steam. Such steam contains no moisture, and may be cooled 
considerably before the saturation temperature is reached and 
condensation begins. If the temperature of the superheated steam 
is high enough, admission and e.xpansion may be performed in the 
cylinder unaccompanied by any condensation. 

Should any water form in the cylinder, means must be provided 
for its prompt drainage immediately exhaust begins. It is obvious 
that any water present is better got rid of as water which will 
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carry away sensible heat only than by being boiled off into steam 
at the expense of the heat contained by the cylinder walls. 

The size of the engine is an iniporUint factor. In similar engines 

ft s are proportional to the cubes of the 
diameters ; and the areas of the walls are proportional to the 
squares of the diameters. It follows, theiefore, that the action 
of the walls will be less important in large engines than in small 

ones, there being less cooling surface 
in the former per cubic foot of steam 
in the cylinder. 

Higher speed of revolution dimin- 
ishes the action of the walls, the 
reason being the shorter time given 
for the action to take place. 

Steam jackets are often employed, 
the method consisting of surroimding 
the whole of the cylinder with steam 
at boiler pressure (Fig. 188). The 
idea originally was to keep the walls 
of the cylinder as hot as the steam 
entering the cylinder. The jacket 
is only partially siiccessful in effect- 
ing this, as the action takes place 

at the inner skin of the cylinder 

% 

wall M'hile the jacket steiim is in 
contact with the outer skin. The 
action of the jacket is beneficial, 
however, in reducing the range of 
temperature to which the walls are subjected during the stroke, 
thus tending to reduce initial condensation during admission and 
also to hasten the re-evapoiation. The steam in the jacket giving 
up its lieat to the walls will undergo condensation and means 
must be provided for draining the resulting water away through 
a steam trap. In fact, a great deal of the benefit derived from 
the use of a steam jacket consists in removing the region of 
condensation from the cylinder, where drainage is imperfect, to 
another place, viz. the jacket, where drainage can he very perfect. 
Steam at boiler pre.ssure alone should be used in the jacket. 
Frequently one may see, in unjacketed cylinders tlie exhaust 



Fj(.. Section of a cylinder, 
steam •jacketed at the \MiTU shown 
black. 
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passage from the exhaust port led round tlie cylinder. The 
exhaust steam in this passage, being charged heavily with moisture, 
acts very perfectly as a wet blanket to the steam in the cylinder. 
In the best designs this passage is taken right away from the 
exhaust port, and does not pass round the cylinder. 

Lea.kage. — Leakage of steam past the slide valve into the exhaust 
port probably takes place by the condensation of a film of water on 
the port face of the cylinder. The valve slides over the film, tlms 
uncovering it to the exhaust, where, as its temperature is highei- 
than that corresponding to the low'er pressure, it instantly boils 
otF and is so wasted. The waste by leakage past a given valve and 
piston is nearly constant under given conditions of steam pre.s8uic 
and speed. It would show, therefore, as a higher percentage 
waste when the engine is cutting off early and so developing low 
powers, than with a later cut-off and full power. There is room 
for more experimental information regarding leakage for different 
types of valves and pistons under varying conditions. The problem 
is complicated by the fact that a slide valve may he quite tight 
when cold and yet leak considei-ably when heated, the effect being 
due to unequal expansion, causing warping of the valve or of tlie 
cylinder face.* 

^ Efficiency of a perfect heat engine.-A perfect lieat engine, 
according to Carnot’s theory, is one having tlie following cycle of 
operations. Tlie engine is supposed to take in its sujiply of heat 
from a source of heat which is kept at a constant absolute teni- 
peiature Tj, and to get rid of lieat not required to another source 
which is kept at a consent lower absolute tempeiature Tj. Thus, 
any heat passing into or out of the engine will do so at constant 
temperature, either t, or tj, and will thus give isothermal opera- 
tions. Any other operations taking place in the engine will he 
conducted without heat being given to or abstracted from the 
sUam or other working substance, i.e. these operations will be 
adiabatic. Suppose the working substance to be at temperature 
Tj; the cycle may be imagined to be conducted as follows - fii-st 
compress the working subsUnce adiabatically, thus raising its 
temperature; stop compression when the temperature is t„ and 


Prof K Prof. D. S. Capi>cr, 

rroc. Inst, llech, Eng., March, 1905. 
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then allow the working substance to expand doing work, keeping 
the temperature constantly Tj by allowing heat to pass in from 
the source of beat. This operation is stopped at any desired point, 
and tlie expansion continued adiabatically. The temperature 
will fall, and the expansion is continued until Tj is reached. 
The working substance is now compressed isotheniially, allowing 
heat to escape to the cold source at constant temperature Tj until 
the initial conditions are i-eached, when the cycle may be started 
again. 

It may be shown that such an engine is more efficient than any 
other engine having a different cycle, and that its efficiency is 
measured by the ratio 


Efficiency = 

% 



Practically, the cycle cannot be realised and the efficiencies of 
all engines fall far short of this amount. The expression, how- 
ever, indicates that theoretically the greater the difference between 
7 , and T,. the higher will be the efficiency. Piactice confirms this 
conclusion within limits. 

Means of increasing the ratio of expansion.— To obtain a 
large difference between t, and t., high boiler pressures are used 
(up to 300 lbs. per square inch, the temperature being 417i"F.) 
and the steam -s expanded many times, with a corre.spondingly 
large fall in temperature. In engines discharging their exhaust 
into the atmosphere, the terminal pressure may be 20 lbs. per 
square inch absolute, giving a terminal temperature of 228* F. If 
a condenser be employed, the terminal pre.«sure and temperature 
may be lowered to 4 lbs. per square inch and 153° F., thus enabling 

larger ratios of expansion to be used.* 

To convert a non-condensing engine into a condensing engine, a 
condenser and air pump must be added. The condenser may be 
a sorface or a jet condenser. In the first type, which is shown 
in (lia-rara form at D in Fig. 189, the exhaust steam is hronght into 
contact with the outer surface of a large numher of tubes £, kept 
cool l>y causing water to circulate through them, tlie water entei- 
i„u at F and being discharged at G. A pipe // leads to the air 


, Keccnllr in some motor oar engines having steel eylinders 4 " diameter, 
steam pressures up to 1000 lbs. per square inch have been employed. 
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Fio. of a Uiidcn) compound coi]dcii»ii)^' cii^^inc wit)i jet condenser. 
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pump tlie function of which is to clear the water of condensation 
and air from the condenser. The air is contained in the feed 
water, passes from the boiler with the steam and is finally dis- 
charged into the condenser. The air pump has foot valves at K 
bucket valves at L and head valves at M. The water is discharged 
by the air pump into the hot well X and is pumped by the feed 
pump back to the boiler. The air pump shown is driven from the 
tail end of the piston rod by means of a bent lever /’. 

In the jet condenser ( Fig. 190, E) a spi ay of cold water is played 
on the entering e.xhaust steam, thus condensing it. It will be 
noticed that in this form of condenser, the injection water and 
water of condensation mingle, while in the surface condenser thev 
are kept apart. 

Ratios of expansion higher than 2 or 3 cannot be carried out 
successfully in a single cylinder, as there would be much too great 
a ditference between the piston effort at the beginning and end 
of tlie stroke, with correspondingly great ditfeiences in the 
turning moment, and also the range of temperature through which 
tlie walls have to pa.ss is much too large. The condensation in 
such a cylinder, having a ratio of expansion of say 12, would be 
enormous. It is the custom, therefore, to admit the steam into 
one cylinder and begin the expansion therein, then to exhaust 
fioni this cylinder into another where the expansion is continued 
Such engines are called compound engines. A third and fourth 
cylinder may be used, giving triple expansion and quadruple 
expansion engines respectively. The ratio of expansion may thus 
lie increased to 12 or lu. 

A common type of horizontal compound engine is shown in 
outline in Fig. 190. The cylinders are arranged tandem, i.f. in 
tlie same straight line and working on the s«imc crank. Both 
pistons are mounted on the same rod. The ii.r. (high pressure) 
cylinder is shown at .1, the L.r. (low piessure) cylinder at B, and 
tiie air pump at C, the bucket of the last being also mounted on 
the piston rod. In Fig. 190 the piston rod is moving towards the 
crank on the out stroke ; steam is entering the n.P. cylinder 
through the valve N, , and is beisig exhausted from the other side 
of the piston into the l.p. cylinder through other 

side of the l.p. cylinder is in communication with the conden.ser 
through the valve E^. The condenser illustrated is of the jet type, 
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with a double acting air pump. There are no valves in tlie air 
pump buchet D ; each side of the pump is furnished with suction 
and discharge valves Vs and Vo respectively. The suction ^’alveH 
allow water and air to pass from the condenser E into the air 
pump, and the discharge valves communicate with the hot well F, 
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Fio. lOl. -CjIiudcr arrnnKcnicnt of a tbrco crank triple cx|>ansiun engine. 


Compound engines are more usually arranged with the cylinders 
side by side working on separate cranks. Triple expansion 
engines are arranged in many different ways. Figs. 191 and 192 
show two such arrangements, in the first of which there are three 
cranks and in the second four cranks, there being two l.p. cylindei's, 
which divide between them the steam discharged from the m.p. 
(intermediate pressure) cylinder. 
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Fio. 192.— Cylioder arrangement of a four crank triplo expansion engine. 

Banges of temperature and pressure.— It will he of interest 
to examine the ranges of pressure and temperature in the triple 
expansion marine engines illustrated in Fig. 202. In this engine 
the cylinders are 21", 32" and 50" diameter respectively, with a 
piston stroke of 24". The boiler pressure is 173 lbs. per squai'e 
inch absolute, and the exhaust pressure is about 2 lbs. per square 
inch absolute. Supposing the high pressure and intermediate 
pressure cylinders to be cut out and the whole operation to be 
carried but in the low pressure cylinder, there would be an initial 
load of 152 tons and a terminal load of 6-15 tons on the piston. 
The temperature range in this .cylinder would be from 369“ F. to 
126“ F., a difference of 243“ F. As the engine is arranged for 
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actual work, the initial working loads and ranges of temperatures 
are as follows : 


Initial working load, tons, 

Range of temperature, Fah., 

Tlie ratio of expansion is 8‘45, neglecting cleai-ance. 

A comparison of these figures will render the advantages of 
multiple cylinder ex|)ansion clear. 

Too large a ratio of expansion is undesirable, as little benefit 
will be derived from the expansion in the later stages. The last 
cylinder is large, and condensation and friction in it will tend to 
ct)unterbalance any gain which may otherwise be obtained. 

Gain from condenser— Besides the gain which has been noted 
already due to the efi’ect of the conden.ser in lowering the terminal 
pressure and temperatui’e, the condenser gives a means of obtaining 
a supply of hot feed water. The water produced from the con- 
densation of the exliaust steam in a surface condenser may be at a 
temperature of 120’ F., and, if fed into the boiler, will require less 
heat to evaiMirate it than if cold feed water is employed. Further, 
this water has alresidy been through the boiler and is therefore 
distilled water, i.c. all salts liave been got rid of. Tliu-s in marine 
engines, a means is provided of feeding fresh water into the boiler 
instead of sea water, the sidts from which would be deposited in 
the boiler. Feed water drawn from tlie condenser may contain oil 
wliicli has been used fur lubricating the cylinder and valves of the 
eiif^ines. On no account should such oil be fed into the boiler, as it 
would cling to the metal surfaces, and, being highly non-coiiductive 
of heat, would lead to tlie boiler plates being burned. To obviate 
this risk, an oU separator may be fitted and the feed water piissed 
through it before entering the boiler. 

Wasted heat in the boiler.— Some of the causes of waste of 
heat are due to bad stoking, giving imperfect combustion of the fuel 
and the consequent escape of combustible gases up the chimney. 
The admission of air to the furnace in excess of that required for 
complete combustion of the fuel is also a source of waste. Each 
i)ound of excess air is heated in passing through the furnace, where 
it does no good, and carries away some of the heat which would 
otherwise be utilised in heating tlie water in the boiler. The 
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presence of soot, etc. on the 
hot-gases’ side of the heat- 
ing surface, and of scale on 
the water side, impairs the 
heating: surface by prevent- 
ing the flee jwssage of heat 
through the plates and so 
lowering the efficiency. Bad 
circulation of the water in 
the boiler prevents the free 
formation of steam. To ob- 
tain the best results from 
the heating surface, the 
current of hot gases should 
be broken up and scrubbed 
as it were against the plates, 
in order to extract as much 
heat from them as possible. 
Other causes of waste are 
in unburnt fuel dropping 
through the spaces in the 
fire bars into the ash pit, 
and in conduction from the 
surfaces of the boiler which 
are exposed to the air. To 
minimise the latter, all such 
surfaces should be coated as 
far as possible with non-con- 
ducting material. 

Feed heaters and econo- 
misers.— In surface condens- 
ing engines, the hot water 
from the condenser is usually 
employed to feed the boiler. 
In non-condensing engines, 
the exhaust steam from the 
engine may be used to heat 
the feed water by passing it 
through a heater. Fig. 193 



Fig. 193. — Uuldcn k Brooke's exhaust steam 
feed water beater. 
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shows such a heater in section. A number of brass tubes is 
Hirangecl vertiailly in.side an outer casing. The exhaust steam 
inlet from tlie engine entei-s tlie casing near the bottom, and 
tlie steam after circulating round tlie tubes is discharged near 
the top of the casing. The cold feed water enters at the top 
descends through the tubes and is discharged hot at the bottom! 
Tlie lower part of the heater is so formed as to allow any sediment 
in the feed water to settle in the conical receptacle whence it may 
be blown otl periodically. Such heaters provide the means of 
utilising the lieat whidi would otherwise bo carried off as waste 
by the exliaust steam. The superior expansion of the hot tubes 
over the colder casing in this heater is piovided for by the stuffing- 
box at the top, enabling the tubes and tlieir attachments to rise 
and fall sliglitly without straining any part. 

Economisers are feed-water-liealers placed in the flues between 
the boilers and the chimney and heated by the furnace gases. 
The best known type is Green's economiser in wliicb there 
is a number of vertical tubes through which the feed water is 
pumped. The fuiiiace gases jiass round the exteriors of the tubes 
and give up some of tlieir beat to the water. Soot and tarry 
mutters deposited on the outside of tlie tubes materially affect tlie 
efficiency, and arc got rid of by means of scrajiers which embrace 
the tubes and are moved .dowly up and down continuously by 
means of cliains driven by a small engine, or other motor. Such 
economisers really form an extension of the lieating surface of the 
boiler, but are more effective than would be the plan of extending 
the actual boiler heating surface. The late of flow of heat through 
a plate depends on the difference in temperature on the two side.s. 
The tei'inirial heating surface in the boiler lias hot water in the 
boiler on one side and com|)aratively cool gases on the other side, 
and i.s, therefore, not very effective; the difference in temperature 
on the two sides of the plate is not sufficient. The better plan is to 
extend the heating surface by fitting an economiser, in which there 
will be cold feed water on one side of the jilates and comparatively 
liot gases on the other side. 

Draught.— Chimney draught is often relied upon for the 
pi'iiduction of the required current of air through the furnace. 
The chimney operates by reason of the difference in tempera- 
ture inside and outside of it. Hot air weiglis less per cubic 
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foot than cold air. Thus, the column of gas inside the cliimney 
weighs less than the corresponding column outside, and there 
will be less pressure inside at the base of the chimney than 
exists outside. The excess pressure of the atmospliere outside 
will thus cause a current to flow through the furnace towards the 
chimney. 

In other cases chimney draught may not be sufficient to cause 
a high enough rate of combustion per square foot of grate area. 
Chimney draught may be increased somewhat by extending the 
height of the chimney, but there is a limit to this gain, set by the 
additional frictional resistances of the walls in a tall chimney, and 
also by the cooling of the gases. Artificial means of increasing the 
diauglit are then employed. In forced draught, the air is driven 
through the furnace by a fan or blower operated by a steam or 
other motor. In induced draught, the fan is placed at the bottom 
of the chimney, and operates by drawing the gases from the flues 
and discharging up the chimney. 

Artificial draught is beneficial in securing a plentiful supply 
of air properly distributed in the furnace and so may produce 
better combustion. It is also found that the propoi tion of excess 
air can be considerably reduced by the proper application of 
artificial draught. As the strength of the draught is inci'eased 
a higher rate of combustion may be obtained. With ordinary 
chimney draughty about 15 to 20 lbs. of coal can be burned per 
hour per square foot of grate area ; this may be increased to as 
much as 120 lbs. with artificial draught. Should the draught be 
varied so much in the same boiler, it will be found tliat the water 
evaporated per pound of coal will be less with high rates of 
combustion, although, of course, the total water evajwrated per 
hour will be greater. Artificial draught is much used for marine 
purposes, especially naval, and enables maximum power to be 
obtained out of the minimum dead weight of boilers. 

Mechanicd'l stoking. — With certain classes of coal being burned 
in large quantities in a battery of boilers, there is often difficulty 
in obtaining with hand firing that uniformity of conditions 
which is essential to efficiency. In such cases, mechanical stokers 
often show a distinct economy over hand firing. There are two 
varieties of mechanical stokers— sprinWing and coking. In the 
first, the coal is sprinkled over the whole of the grate. In the 
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second, the coal is fed to the front end, and is gradually carried to 
the rear of the furnace. It thus fii-st undergoes a distillation 
proccs.s the hydrocarbons being driven off and burnt and the coal 
converted into coke before active combustion begins. 

A well-known fonn of coking furnace in which the woi-st kinds 
of slack or bituminous coal can be burned without the production 
of black smoke is shown in Fig, l!)4. The grate con.sists of a broad 
endless chain, consisting of many short links, and passes over two 



1 1 <;. Bubcock i Wilcox chain grate and coking mcclwniMl stoker. 


drums, one outside the boiler front and one inside the fnrnacft 

'I’lie fi'oiit drum is revolved slowlv bv a worm and wonu wheel, 

• 

driven by a ratchet gear, having a rod actuated from a line shaft 
driven by a motor or small engine. The top side of the chain 
grate thus slowly advances in\vards. Coal is supplied to a hopjK'r 
and descends from it on to the giate to be carried into the furnace. 
Tlie thickness of coal layer is adjusted by vertical lifting fire dooi-s 
on the boiler front. Coking first occui-s, then the residual coke 
becomes incandescent as tlie hotter part of the furnace is reached. 
By the time the fuel has reached the inside drum, combustion is 
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complete, and the ashes, etr., drop over the drum as the chain bends 
round it, and so fall into the ash pit. It will be observed that 
clinker and ash are cleared automatically from tbo furnace and 
thus there is no necessity for opening the fire doois for cleaning or 
clinkering. No cold air can enter the furnace othei-wise than 
between the bars of the grate. Further, the bars entering the 
furnace are cool, and tlius there is less chance of clinker forming. 
The whole arrangement is mounted on a cari iage running on rail.s 
and can be withdrawn clear from the boiler for examination 
and repairs. 


EXERCISES ON CHAn'ER XIV. 

1. In a certain steam Iwiler, 11 lbs. of water w'crc evaporated per 

lb. of coal burned. The steam pressure was bW lbs. per smiai-e inch 
al)solHte, and the temperature oi the feed sumdy 120° F. The heating 
value of the ood was 15,200 b.t.u. ])er lb. Calculate what percentage 
of the heat supplied in the coal lias been passed into the dry steam 
leaving the boiler. * 

2 . Answer quc.«tion 1 on the assumption that tlic steam passing the 
main stop valve is 4 per cent. wet. 

3. A certain engine develops 1 i.n.p. for a consumption of steam 
of 15 lbs. weight per hour. Assuming the steam to l>e dry and at a 
pressure of 195 lbs. per square inch alksulute in the steam chest, what 
quantity of heat per i.ii.r. per hour is supplied to the engine? 

4. Answer question 3 assuming the steam to l)c 12 per cent, wet on 
entering the steam chest. 

5. In question 3, the water of condensation is discharged from the 
condenser at a temperature of 130° F. Calculate what quantity of 
heat per i.h.p. per hour is available for conversion into work. Wliat 
percentage of this is actually converted into work ? 

6. Give a brief account of the action of the cylinder walls on the 
steam during (a) admission, (6) expansion, (c) exhaust. 

7 . Explain briefly the efiect of the follomng factors on cylinder 
condensatjon, (a) separators, (6) use of super-heated steam, (c) drainage, 
(d) size of engine, («) higher sp^ of revolution, (/) steam jackets. 

8. Reciprocating engines cannot economically use a very large ratio 
of expansion. Explain why this is so. 

9. What additional parts nmst be supplied to a simple engine in 
order to convert it into a condensing engine. Give an outline sketch 
and name the parts of a compound condensing engine with either jet or 
surface condenser. 
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10. Explain clearly why expansion carried out in several cylinders 
in senes is more economical than the same degree of expansion carried 
out in one cylinder only. State any other practical reasons for the 
adoption of miiltiplc expansion engines. 

11. Enumerate the causes of wasted heat in generating steam in a 
boiler. Explain how these may he reduced. 

12. Explain the action and give sketches of anv type of feed heater 

or economiser. ' ' 

13. Sketch and describe any type of mechanical stoker. 

14. What are the objects in using (a) moderate forced draught 

{b) high forced draught. ' 

15. What do you understand by the efficiency of an engine? What 

would be tlie efficiency of a gmxl marine engine and boiler whicli 
indicates one horse-irower for every 2 lbs. of coal consumed in the 
furnace of the Iwiler per hour, supposing the coal to have a caloritic 
power of 14,500 Fahrenheit Thermal Unit.s per lb. ? 1897. 

16. How do we try to prevent condensation in a cylinder? If any 

of the methods serve some other good object, state it. 190.1 

17. Choose any kind of boiler. Explain how by its construction, 
1st, the comlmstion is made as complete as pos.-sible; 2nd, as much of 
the heat as possible is given to the water. You need not speak of 
careful firing. 

18. Describe a mechanical stoker and how it acts. Under what 

circumstances is its use preferable to haud firing ? 1900 



CHAPTER XV. 



Fio. l85.-BcUiss quicK-revniutiou compouna engine diicct-coupled to an 

eloctric generator. 


COMPOUND AND TJRIPLE EXPANSION ENGINES. 


Compound engine* The following description is of the com- 
pound engine manufactured bv Messi's. Beiliss & iloreoni, Ltd., 
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an engine wiiic-h is extensivelv 
ether purposes. An e.Kteitial 


used for electric generation and 
view of the engine is shown in 



Fig. lOf), tlie engine being directly coupled to a dynamo. Sections 
of the engine are given in Figs. 196 and 197. The engine is of the 
inclosed type, liaving a single piston valve placed between the u.p. 
and L.p. cylindei's. The steam distribution to both cylinders is 
accomplislied by tliis valve. Forced lubrication is employed to 




BELLISS COMPOUND ENGINE. 



feed all the bearings and the engine can be run at a Iiigli speed of 
revolution. 



Pio. 197.-Cross section through the n, p. cylinder of a Beiliss compound 

engine. 


Referring to Fig. 197, the steam is led from the main steam pipe 
into a separator A, then through a .stop valve .R to a throttle 
valve C, which is controlled by the governor. The steam then 
enters the space 5 (Fig. 196). In Fig. 196 the n.r. piston D is 
starting on the up stroke, while the L.r. piston F is starting on 
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the do« n stroke, the cranks being arranged opposite one another 
The piston valve for this position of the pistons is so situated that 
steam may Hoiv from .V into the li.p. cylinder below the piston 
as shown by the arrow, the top side meanwhile exhausting into 
the interior of the piston valve, which thus serves as a receiver 
for the steam passing from the ii.p. to the l,p. cylinder. From 
the receiver, the steam psses, as shown bv the arrow, into the 
top of the L.P. cylinder, the bottom of this cylinder being in 
communication with the exliaust pas.-<age E which leads to tlie 
condenser. On the down stroke of the ii.p. piston the distribution 
is as follows; steam to the top side of the n.p. piston, exhaust to 
the receive- from tlie bottom ; steam fiom the receiver to the 

bottom of the l.p. piston, exhaust to the condenser from tlie 
top. 


The valve is driven from an eccentric placed at the middle of the 
crank shaft. The s<ime eccentric al.so drives a small oil pump O', 
wliicli delivers oil to all of the bearings through leading pipes, 
llie oil is at a pressure of from 10 to 20 lbs. per sipiare inch. As 
the bearings are ail of ample area, the pressure of the oil .supply 
is sufficient to keep the metallic surfaces out of contact, thus the 
friction to be overcome is not that of metal rubbing on metal, but 
of metal rubbing on oil. The engines have thus a verv high 
meclianical efficiency, and the wear is so small iliat cases are on 
record of engines running for two years and, on being opened out, 
found to require no taking up at any of the bearings. A sight 
feed lubricator for supplying oil to the pi.ston valve and pistons is 
fitted at }[. The crank shaft has a flywheel fitted at K and the 
governor at L. The shaft rotates in four main bearings formed in 
the soleplate, the latter being so formed as to receive all oil 
discharged from the bearings, whence the oil pump will deliver it 
again to the bearings after straining. The working jwrts of the 
engine are enclosed in a casing with movable covers. It will be 
noticed tliat the case is open just under the cylinders to give free 
access to the stuffing-boxes. 

The governor is of the centrifugal type, consisting of two heavy 
•balls *1, J, (Fig. 198) at the ends of bent levers B, B, whicli aje 
jiivoted to a collar C fixed to the crank shaft. The balls are pulled 
inwards towards the shaft by means of springs i), /). A sliding 
sleeve E on the sliaft is controlled bv the shorter arms of the' bent 
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levers, and will thus take up a position on the shaft depending on 
the position of the balls and thus on the speed of the engina 
Another bent lever 
pivoted at (? to a fixed ^ 
axis, is o])erated by the 
movenients of the sleeve £", 
and thus coininunicjites the 
movements of the balls to the 
equilibrium throttle valve U 
thi-ough the rod K. The 
lever F is further loaded 
with a spring L fitted with 
an adjusting screw and hand 
wheel, thus enabling tlm 
s}>eed of the engine to be 
adjusted within small limits. 

The condensing arrange- 
ments are not shown in 
the illustrations. These arc 
generellj kept quite inde- 
pendent in electric generat- 
ing stations, and serve to 
receive the exhaust steam 
from all the engines in the 
station. 

Steam consumption and 
efficiency. — Some results of 
a trial on a Beiliss compound 
engine are given. Typical 

indicator diagrams are shown in Figs. 199 and 200. 



Fic. lOS.— Dc1Ii$« crank shaft tfoveraor and 
throttle valve. 
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The engine cylindei's liave the following dimensions : 

n.p. eylindei' - 13" diameter 
L.P. „ - 22" „ 

Stroke - - - H" „ 

It will be noticed that steam having a superheat of about 120* F. 
was supplied. A diagram showing the consumption of steam and 



L 

Fig. livx— Indicator dia^'ram from tlic ii.p. cylinder of a BcUiss compound 

en^diic. 




Fm.200.-Iiiclicatordia(,T!»m from the i..p, cylinder of a Beiliss compound 

CDKillc. 

Modes of propulsion.— Ship.s may be driven through the water 
by the aetion (jf (a) paddle wheels, (h) screw propeUers placed outside 
the ship at the stern, oi- (r) placed inside the ship, operating by 
discharging jets of water through openings in the side of the ship, 
the method being described as jet propulsion. 

In all tliese arrangements the action is the same, viz. a stream 
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of water is driven astern by the wheel, thus taking up momentum 
in the backward direction, and consequently e.xerting a forward 
pressure, which is communicated to the hull of the ship and so 
propels it. 


« 

tf 



Fio. 201,— Steam consumption and mechanical efiicicncy of a Uclliss 

compound cu^nc. 


Owing to the sliip having to carry its own coal supply during 

long voyages, the skill of marine engineers has long been directed 

to produce the most economical results. Of the many different 

types of marine engines, space can only be found liere for the 

complete desenption of a set of Triple Expansion Engines for 
screw propulsion. 

TRIPLE EXPANSION’ MARINE ENGINES. 

Qeneial arrangement. -Tl.e following description refers to n 
to t “"^traded 

to a sessel intended for transport purposes by tKe Thames 
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Engmeei'ing Company, Ltd., the drawings shown being reproduced 
by the courtesy of the makei-s. The student will already be 
familiar with the boilera for supplying steam to these engines 
from the description given in Chapter X. ” 

The general arrangement of these engines will be understood by 
reference to Fig. 202, in which is given an elevation showing the 
cylinders in section and an end elevation. The high pressure 
cylinder, in which the steam is used first i.s shown at .,1. The .steam 
is distiibuted to this cylinder from a valve che.st B by means of a 
])i.ston valve. The exliaust steam from this cylinder is discharged 
into the intermediate pressure valve chest C, where a double 
ported slide valve di.stributes the .steam to tlie intermediate cylinder 
I). On exliausting from this cylinder, the steam is led into tlie 
low pressure valve chest A’, where another double ported slide 
valve distributes it to tlie low pressure cylinder F. The pipes con. 
necting the steam chest.s, by means of which the .steam is led 
from cylinder to cylinder, arc partly shown to the left-hand side of 

the cvlindei's in the end elevation. 

% 

On exliausting from tlie low pre.ssure cylinder the steam is led 
tlirough the jiipe G into the surface condenser H. The water from 
the condensed steam and also any air present are drawn from the 
condenser by the air jinmp ./, and tlie water i.s fed into the hoilei-s 
by means of the feed pumj) K. These pumps are driven by level's 
L operated from the intermediate crosshead if. Circulating Nvater 
is supplied to the condenser from tlie sea and is pumped overboard 
again. 

It will he noticed that tlie conden.ser casting forms part of ttii'eo 
columns A', supporting the cylinders at the hack of the engines. 
The cylinders are supported at the front side by turned columns 0. 
The condenser and the front columns are bolted to tlie .soieplate /' 
which in turn is bolted to the engine seating shown at Q, tin- 
seating being worked into the framing of the ship. 

Tlie soieplate has six main hearing.s, li, to receive the crank sliaft 
S. In the sectional elevation, the mechanism connecting the 
intermediate pressure piston and slide valve to tlie crank shaft i-s 
shown complete. The connecting rods and valve gears of the other 
engines are omitted to reduce complication in the drawing. 

The valve.s are driven, and the engines reversed and graded in 
expansion, by means of Stephenson's link motions, of which there are 




Fig. 20Z , — Gvncml an'angcmcitt of u set of triple ex {fusion nmrinc! giighics. 
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three sets. All the lijiks are put over from ahead to astern 
.simultaneously by operating the hand wlieel T, a small steam 
revei-sing engine (not shown) being employed to assist the 
attendant. The engines may be moved slowly by means of a small 
turning engine, not shown in the illustrations, which is connected 
to a worm wlieel I fi.ved to the ciank shaft. The low pressure end 
of the crank shaft is nearest to the stern of the ship and is con- 
nected to a line of shafting carrying the propeller at its outer end. 

Cylinders.— The principal points of information regarding the 
dimensions of the cylindei-s are given in the following Table : 



U.P. 

I.M.P. 

L.P. 

Diameter of cylinder, • 

21" 

32" 

50" 

Stroke of piston, .... 

24" 

24" 

24" 

Diameter of piston rod, • 


4f' 


Ratio of areas of pistons, 

1 

2-18 

5 68 

Clearance volumes, as percentage 




of volume swept by pistons, - | 

2.3 

11-25 

8-1 

Cut-off, as fraction of stroke, - 

•67 

•67 

•58 

Total ratio of expansion, 



8-45 

Weight of reciprocating parts, lbs., 

1976 

2256 

2738 

Travel of valve, • ■ • • i 

4,'." 

* 

4r 

4,1" 

1 

Lead on top, - - . . - 

h" 

T. " 

Tt 

1^'' 

Lead on bottom, 


"hi* 

V' 

Steam lap on top, - - - - 

ir ! 

U" 

ifV' 

Steam lap on bottom, - 

1" 

1" 

U" 

Exliaust lap on top, 

0 

0 

0 

Exhau.st lap on bottom, • 

r 

r 

n ** 

Length of connecting rods, - 

1 

4’ 6" 

4' 6" 

4' 6'' 


The engines are intended to give about 1350 i.ii.p. at 145 
revolutions per minute, with boiler pressure 160 lbs. per square 
incli by gauge. 

The* cylindei-s are formed out of three main castings, as may 
be seen by inspection of the geneial section in Fig. 202. Each 
cylinder with its valve chest forms one casting. Flanges are 
provided by means of which the cylinder castings are bolted 

securely together. 
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tie. 203. -Sectional elevation and i*lan of tbt b.p. cylinder for a set of 

manne triple expansion engines. 
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High pressure cylinder details.-The high pressure cylinder 
IS shown in sectional plan and elevation in Fig. 2i)3. The main 
listing A is of cjist-iron, and a cast-iron liner B is fitted to the 
barrel, the liner being Hanged inwards at its lower end and secured 
there to the cylinder by means of screws. This connection is 
shown sepai-ately in Fig. 204. The liner should be made of hard 
clnse-giained metal so as to take a polish under the rubbing action 

1 . ^ cover C (Fig. 203) is cast in one 

piece with tlie main casting, and is provided witli a stufling-box 
and gland for rendering the piston rod D steam-tight. The upper 



Fio, 204.— Method of scouring the 
cylinder liner. 


Ftn. Method of scouring the 
steam chest liners. 


cover E is secured to the cylinder bv means of studs. Both of 

» « 

these covers are made so as to suit the shape of the piston /'(which 
is conical in form), and thus reduce clearance. The steam chest is 
bored out to receive cast-iron liners 6', O', the liners being flanged 
as slioM'n in Fig. 205, and secured to the main casting by means 
of screws passing through the flanges. The piston valves H, U 
(Fig. 203) are secured to the valve rod by means of a collar at K 
and lock nuts at L. distance pieces being also placed on the rod in 
order to have tlie valves kept at the proper distance apart. The 
piston valves are made of cast-iron, without jwtking rings, and 
move over the ports J/, formed in the liner hy cjisting a nuinher 
of slots seiwrated by diagonal bars. The object of having the bam 
arranged diagonally is to prevent the unequal wear which the 
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pistons of the valve would undergo with vertical bars. The ports 
U open into large passages and 5, formed in the main casting, 
and leading one to each end of the cylinder. It will be noticed 
that the pons 5, and S.^ are so arranged as not to interfere with 
the cylinder liner B. Steam entei-s the steam chest through the 
passage If into the space P 
between the piston valves, 
whence it is distributed to 
the cylinder. The exliaust 
steam escapes past the pis* 
ton valves into the spaces 
Q, which are connected 
by passages B, R leading 
round the c^dinder into the 
space Ty which forms pait 
of the intermediate pressure 
valve chest. 

The high pressure valve 
chest is fitted with top and 
bottom covers, secured to 
the main casting by muins 
of studs. The bottom cover 
has a stuihng'box T, and 
the upper cover has a gun- 
metal bonnet ir, which 
serves as a guide for tlie 
valve rod. A domed piece 
obviates the necessity for 
packing the rod in this 
place. The cylinder is fitted 

with the usual drain eocka F,o.».-M.,l™e,liudcrn,lic!„lvo. 
and indicator pipes and 

cocks. Water accumulating in the cylinder, to an amount 
sufficient to cause damage to the covei's or other parts of 
the cylinder, is when met by the returning piston got rid of 
through relief valves. One of these valves is provided for each end 
of cylinder, the valve being shown in detail in Fig. 206. A is the 
conical valve held down to its seat B by means of a strong helical 
spring C, the strength of which may be adjusted by means of the 
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screwed sleeve D which bears on the head of the spring. The 
lower end of the spring rests on a collar formed on a spindle E, 
the pointed end of which bears on the bottom of the recess of the 



Fio. 207.— Marine equilibriiim throttle valve. 


valve A. The spindle has 
a square portion fitting a 
corresponding square part 
of the recess in the valve 
and has another square 
at its top end outside 
the domed case F. The 
object of the arrangement 
is to permit the valve to 
be rotated on its seat 
by means of a spanner 
applied to the square end 
of the spindle, and so to 
enable it to he freed 
periodically from stick- 
ing. The case F has a 
hole screwed to receive 
the sleeve i), which may 
be locked in position by 
the nut Q. The case is 

secured to the cvlinder 

% 

by means of studs pass- 
ing through the flange 
at its foot. The valve is 
loaded by the spring to 
such an extent that it 
remains closed during the 
normal working of the 
engine. Should the pres- 
sure inside the cylinder, 


due to the pre.ssure of water, rise higher than that for which the 


relief valve is set, the valve will open and permit the water to 
escape through the hole H in the case G. The positions of the 


relief valves are shown in the general section in Fig. 202. 

The high pressure cylinder (Fig. 203) has a bracket or foot ca.st 
to it at X for securing it to the back supporting column, and other 


MARINE ENGINE CYLINDER DETAILS. 


‘ifi7 


two feet at Y, Y, by means of which it is swiired to the front 
columns. Provision is made for “ lagging,” or clothing, Uie 
cvlindei-s by covering all outer surfaces with non-conducting 
material. Asbestos fibre, held in place by sheet iron oi- wood 
(teak or mahogany), is often employed. 

Steam is admitted to the high pre-ssure steam che.st through a 
throttle valve, 6" in diameter, of the equilibrium type. The valve 
is shown in section in Fig. 207. The case .1 has an outei' and 
inner part with a passage between. Tlie inner jwrt has two valve 
seats to receive the valves B and C, which are of the conical type. 
The valves are in one piece with the spindle D, which is screwed to 
leceive the operating spindle and has a guide block secured to 
it at F, working on prepared surfaces of the bridge O'. The lower 
cover of the casing has a stutfing-box to receive the valve spindle. 
The operating spindle E has collars at II and K so that it may l otate 
without axial movement ; the bridge i.s split to permit the spindle 
to be placed in position. Thus, rotatioii of the opeiating spindlo 
will cause the valve spindle D to rise or fall and so to close or 
open the valves. 

The valves are shown open in Fig. 207. It will be noticed that 
the steam presses on one side of the valve B and on the opposite 
side of the valve C. A.s both valves are nearly of the same 
diameter, it follows that these opposite forces nearly balance each 
other, and that very little effort will be required to open or close 
the valve. 

Details of the other cylinders.— The intermediate pressure and 
low pressure cylindei-s are not fitted with linei-s. The anangement 
of these cylinders is shown with sufficient clearness in Fig. 202. 
The slide valves are of the double ported type, the low pressui-e slide 
\'alve being shown separately in Fig. 2t>8. The working of this 
type of valve has been already described in Cliapter VIII., and the 
details of construction will be followed readily. The valve is 
secured to the valve rod by a collar below and locking nuts and 
split pin above, and is held up to its seat by means of coach sju ings, 
which rub on prepared surfaces formed on the steam chest ca.sting. 

Pistons.— The details of all three pistons are the same ; one of 
them is shown in Fig. 209. The piston A is of cast steel of the 
conical dished form, this being well suited to resist without damage 
the great forces which the steam applies to it. The piston rod B 
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fio, 20^^.— 'Double pnrlcO slide valve for tlic i.-r. c.yliiKlcr of u ^et of tri{)1e expnn.Hion marine cngriiic.s. 
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is turned to fit the partly conical, partly parallel hole in the piston, 
and is secured by means of a 3|" Whitworth threaded nut C\ made 
of gun-metal. The nut is capped to prevent any chemical action 
being produced between the metal of the rod and of the nut, 
M'hich might occur if steam were permitted to get at the places of 
contact, and is locked by means of a f" .set .screw. A .snug on the 
tapered part of the rod prevents rotation of the piston on the rod. 



Pig. 209. --Details of a marine piston. 


Tlie rim of the piston is recessed to receive the cast-iron piston 
rii^ D, which is split, as shown separately at E, the split being 
covered by tongue pieces F, F secured by means of screws to the 
top and bottom edges of the ring, an arrangement which helps to 
prevent leakage of steam past the ring. Tlie ring is pressed out- 
wards against the cylinder walls by coach springs G, which are 
placed all round the recess. After the ring is placed in position in 
the recess, a junk ring J is placed over it to hold it in position. 
The junk ring is secured by means of steel T-headcd bolts K with 
square brass nuts. These nuts are prevented from slacking back 
by means of a locking ring L, secured to the piston by a 
number of studs with brass nuts, one of which is shown at M. 
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These nuts are locked by split pins. It will be observed that great 
care is taken to prevent any of the piston fittings from becoming 
loose and so causing damage. 

Crossheads.— The crossheads are all alike, consisting of rect- 
angular blocks A (Fig. 210), forged to the lower ends of the piston 
rods and shaped to receive the crosshead biasses H. The brasses 
are heiU in position by means of a cap C and two bolts D, each 



He. 210.— Marine crosshcad and slipper. 


2|" diameter. To prevent the nuts slacking back, pai-t of each nut 
is turned cylindrically to fit a corresponding recess E in the cap. 
A set screw F is inserted through a screwed hole in the side of the 
cap, its point bearing on a shallow groove turned in the cylindrical 
part of the nut. Split pins are also put through the points of the 
bolts as an additional safeguard. The slipper G is made of cJist- 
iron, secured to the crosshead by means of cheese-headed screws 
Oil is fed to the crosshead bearing from the cup II. 

Guides.— The guides consist of cast-iron plates A (Fig. 211), 
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4 

bolted to tile front sides of the columns, with jrulde bars li also 
fitted to embiace the slipjier. The top bolts have collars at tlieir 
middle part and nuts at both ends, thus permitting all the other 
bolts to be withdi-awn 


and the guide bai-s ad- 
justed without the guide 
plates being displaced. 
Waved channels are cut 
on the face of the guide 
plates to pennit of a 
good distribution of the 
oil. An oil drip cup V 
is secured at tlie lower 
{lart of the guide to catch 
waste oil. A brass comb 
K (Fig. 210) is secured 
to the lower end of the 
slipper and serves to di.s- 
tribute the oil over the 
face of the guide plate. 

Connecting rods. — 
These are all alike, and 
are jawed at the upper 
ends to embrace the 
crosshead and shaped at 
the lower ends to receive 
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the crank pin brasses. 
In the intermediate rod 
shown in Fig. 212, the 
crosshead pin A is shrunk 
into place in tlie connect- 
ing rod, and has external 
journals 5, B for driving 



Fio. 211.— Marino guides. 
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the air pump level's. In the other rods these journals are not 
required. The crosshead pins are 51" diameter and are case- 
hardened. The crank pm brasses consist of gun-metal buslies C 
lined with anti-Mctioa metal D. Oil is supplied to the crauk pin 
two oil cups E, E through pipes F, F |)assing down the rod. 
Ihe bi-asses are held in position by means of a cap and two 
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bolts 2|" in diameter. Tlie nuts are prevented from slacking back 
by means of a set screw screwed into a ring washer A', which 



Fio. 212.— Slarine connecting rod. 


Flo. 213 .— Valve gear for tbo set of 
marine triple expansion engines. 


is prevented from rotation by means 
the nut is made cylindrical to fit K. 


of a steady pin J. Part of 
The point of the set screw 
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1 

ttl 




bears on a groove turned in this cylindrical portion. Tlie bolts are 
prevented h'om rotation by means of snugs at Z. The crank pin 
bearing is 8|" diameter. 

The connecting rods are 
4|" diameter at the top 
and 4j" at the bottom, 
and are of best forged 
scrap iron. Piston rods in 
the type of engine under 
consideration are gener- 
ally made of best forged 
ingot steel or highe.st 
quality forged iron. 

The valve motion.— 

The details of the 
Stephenson’s link motion 
is the same for all tliiee 
valves. Tliean-angenient 
is shown in Fig. 213, 
where and Ag are 
the eccentrics; A, A the 
eccentric rods ; B the 
link and C the valve rod. 

A reversing shaft, Z), is 
supported in bearings 
formed in brackets A', 
bolted to the under side 
of the cylinders, and has 
levers mounted on it, one 
of which is shown at F‘, 
these levers are connected 
to tlie three links by 
means of drag linva 
On the lever H, also 
mounted on the revers- 
ing shaft, being operated 
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Fio. 2H.— Marine ccccutrie and rod. 


from the hand wheel (T, Fig. 202), all three links are moved 
Simultaneously. The bracket E is formed at /T so as to serve for 
guiding the valve spindle. 


D.S. 


s 
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Eccentrics and rods. — These are shown in detail in Fig. 214. 
The eccentric sheave is made in halves in order that it may be t^ot 


into position on the shaft, the halves being 
secured together by studs and nuts locked by 
split pins. The thin lower half is made of 
wrought steel to give it sufficient strength. 
The strap is also in halves, the bolts being 
fitted with lock nuts. The eccentric rod is 
palmed at its lower end for attachment to 



the eccentric strap, studs having lock nuts 
and taper pins being u.sed for the connection. 
All oil box is fixed to the side of the eccentric 
rod and a pipe is led from it to the eccentric 
for the supply of oil. The upper erid of the 
eccentric rod is jawed and furnished with 
gun-metal bearings for receiving the link. 
The eccentrics have a crank radius of 2}'', 
giving a maximum valve travel of 4A". 

The link and block. — The link is double, 
as shown at Ay A (Fig. 215), the pieces being 
held together by bolts and distance pieces 
By B. Journals are forged at'C to receive the 
bearings at the upper ends of the eccentric 


4 . 







fic. 216.— Marine valve 
rod 
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rods. The journals /), D are for i-eceiving tlie ends of the drag 
links, of which there are two for each motion, one on eacli side 
of tlie Imk-s. The block E slides between the links and eiiibraces 
their top and bottom edges ; the journal formed on the block, 
is for receiving the valve .opindle. Oil is supplied to the rubliing 
surfaces of the block from two oil boxes 0, G. 



Pio. 217.— Triple expansion ruarinc engine crank shaft 


The valve spindle is shown in detail in Fig. 216, and calls for 
no special description. It will be noticed that the method of 
locking the nuts of the adjustable bearing at the loM-er end is the 
same as that used in the main connecting rod.-^. 

The shafting.— The crank shaft is shown in detail in Fig. 217. 
It is made in one piece of forged steel, with cranks at 120', and 
rests in six main bearings. It 
is 8i" in diameter at the bear- 
ings ; the crank pins are 8f' 
in diameter. The shaft is con- 
nected to the thrust length of 
shafting by means of flanged 
couplings and bolts (Fig. 218). 

The flanges are forged solid on 
the shafts. 

The general arrangement of 
shafting is shown in Fig. 219. 

A is the crank shaft ; B the thrust shaft, having collai's forged on it 
to receive the thrust bearing: ; C the tunnel shaft which is connected 
to the tail shaft D, carrying the propeller E at its outer end. 
Couplings similar to that shown in Fig. 218 connect these various 
shafts. The tunnel shaft runs in bearings at F, F. Tlie tail shaft 
runs for the greater part of its length, sheathed with gun-metal, 
in a stem tube A (Fig. 220). The stern tube is secured to the stern 
post B and to a bulkhead at C, and is fitted with lignum vitae 
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bearings and a stuffing-box at to prevent leakage of sea water 


into the shaft tunnel. 

The propeller.— The propeller 
is of the three-bladed type, each 
steel blade E (Figs. 220 and 221) 
being cast separately with a flange 
F for connecting it to the cast- 
iron boss 6', to which it is secured 
by steel studs, the gun-metal nuts 
being locked by set screws. The 
boss is bored to fit the taj>ered 
end of the tail shaft, and is held 
in position by a large nut screwed 
to the shaft. A feather 1 x 1" 
on the tapered end of the tail shaft 
prevents rotation of the piopeller 
on th3 shaft. To keep sea water 
from the nut and also to taper off 
the boss easily, a conical cjist-iron 
cover is placed over the nut and 
is secured to the boss by steel set 
screws. It will be observed that 
the blades have sharp edges, and 
are flat on the side remote from 
the ship and fish back on the other 
side. The propeller is 10' 6" in 
diameter X 10' 6" pitch and is 
right-handed. 

Tlte action of the propeller con- 
sists in driving a strean) of water 
astern. The inertia of the water 
causes a reaction, which gives a 
forward thrust to the propeller, 
which in turn is communicated 
to the shaft and has to be tians- 
mitted to the hull of the ship by 
means of the thinist block. 



The thrust block is shown in detail in Fig. 222. It consists of 
large casting A, strongly secured to the frame of the ship 
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by bolts ])assing through the holes at B. Two screwed stays, 
C, C, are attached to the casting A iii D, D by means of nuts and 
hold the six horse-shoe bearings E. These bearings embrace the 
grooves between the collars on the thrust shaft F, the collai-s being 
in contact with the bearings on the sides only, these being faced 
with antifriction metal at G. The horse-shoes are adjustable on 
the stays C by means of nuts placed on the stays on each side of 
each hoi'se-shoe. There is an ordinary shaft bearing formed in the 
thrust block at H to centralise the shaft. Each horse-shoe has an 
oil box at the top with channels leading to the rubbing surfaces. 
It will be noticed that the thrust coming along the shaft is taken 
by the horse-shoe bearings, and thus transmitted through the block 
to the hull of the ship. 

The soleplate.— The soleplate consists of a large casting in 
iron (Fig. 223). There are six main bearings to receive the crank 
shaft, one being shown in section in the end view. The bearings 
are of gun-metal with antifriction metal linings, and are held 
down by cast-iron caps and long bolts passing through the sole- 
plate. Locking arrangements similar to those used in the con- 
necting rods are provided for the cap nuts. Split pins are provided 
for botli top and bottoni nuts. Planed strips are provided on the 
top surface of the soleplate to receive the columns, condenser, air 
and feed pumps. Gaps are left between the main bearings for 
the cranks to work in ; these are called crank pits. 

The condenser.— The surface conden.ser is shown in section in 
Figs. 224 and 228. It consists of a large iron body casting A con- 
taining 700 brass tubes running at B between rolled brass tube 
plates B and C. The tubes are external diameter x 18 b.w.g. in 
thickness. The tube plates are J ' thick, the distance between them 
being 12' 9". The water ends of the condenser are formed of separate 
iron castings bolted to the body. The water end E is provided 
with a circulating water inlet //, a baffle plate F and a circulating 
water outlet K. Water entering H is thus compelled to flow 
through the lower rows of tubes to the other water end (?, then 
back through the upper tubes into E and so discharged. Inspection 
doors are placed at 0 in the ends and body. The steam to be 
condensed enters the condenser at L from the low pressure cylindei 
and is distributed throughout the tubes by the baffle plate J/, 
which is of brass with a number of 1" holes punched in it. 'Ihe 
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resulting water is dis- 
charged to the air pump 
through A at the bottom 
of the condenser. A sup- 
])orting plate Q, placed 
near the middle of the con- 
denser, has holes drilled 
to receive the tubes and 
suppoi'ts |)art of their 
weight. The large Hat 
sides of the condenser are 

staved bv means of still' 

• • 

stavs I\ It will be 

remembered that it is a 

collapsing ])ressure which 

has to be ])rovided against. 

The tube plate B is sutti- 

cieiitlv stiffened bv the 
» » 

bathe plate F, the other 
tube plate C has a stiffen- 
inir bar H secured to it. 
The condenser is tested 
for .strength by subject- 
ing it to an internal .steam 
))ressme of 30 lbs. per 
square inch. 

The tube plates and 
ends are bolted to the 

bodv bv means of collar 

• • 

bolts shown in detail in 
Fig. 225. Tlie arrange- 
ment permits of the ends 
being removed without 
disturbingthe tube plates. 
The tubes are spaced as 
shown in Fig. 226. To 
prevent leakage fiom the 
ends into the body, each 
tube passes through stuff- 
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ing boxes in the tube plates. The arrangeiueiit is shown in section 
in Fig. 227. The gland for pushing the packing down con.sists of 
a ferrule screwed into the box and made 
so that tlie tube cannot be di-awn witliout 
first removing the ferrule. Two slots at 
the outer end of the ferrules j>ermit of a 
tool being used for screwing them home. 

The cooling surface amoujits to 1753 square 
feet. 



It is important that sea water sl.ould be 
kept out of the body of the condenser, 
where it would mix with the water of condensation and be fed 
into the boiler. If no losses whatever occurred, the condensation 
water from the condenser would be sufficient to feed the 


boilei-s. To make losses good, however, additional make-up water 
must be fed to the boiler. This is accomplished by means of 



uiid gland 


an evaporating arrangement, which operates by distilling sea 
water, the resulting steam being discharged into the condenser. 
Nonnandy’s Patent distilling machinery was fitted to this vessel 
and was wpable of evapoiating 7i tons of sea water per 24 houi s. 
*or use in case of emergency a by-pass is provided from the 
forward water end of the condenser to the body. By opening 
a cock, sea water may flow from this end into the body and so may 

he used as an auxiliary feed. ^ 


282 


STEAM AND OTHER ENGINES. 



Solid matter in feed water. — Sea water contains about ^.7 of its 
weight of solid matter in solution. If such water were evaporated 
continuously in the boilers, all tlie solid matter being left behind 
in the boilers would presently bring about unworkable conditions. 

It therefore becomes necessary to test 



the boiler water daily during running 
in order to ascertain that dangerous 
proportions of solid matter have not 
been reached. A hydrometer or sali- 
nometer is used, which, on being floated 
in a bucket of water (hawn from the 
boiler, indicates on its scale the pro- 
portion of solid matter present. The 
naval hydrometer is marked in degrees 
and marks 0* when floated in fresh 
water and 10” in sea water containing 
5 ounces of solid matter per gallon. 
It is not customary to e.\ceed 40”, 


Fifi. 2.'8.— Cross sectiuii of n)ariiic 
surface condenser. 


ie. 20 ounces per gallon. It is not 
advisable to liave tlie boiler water 


too fresh as this leads to “bleeding” 
{rusting) at the joints of the boiler. Should the proportion of 
solid matter e.\ceed that above stated, the remedy consists in 
blowing off some of the water from the boiler and making up 
with feed water so as to reduce the density. 

The air pump.— The air pump is shown in Fig. 229. It consists 
of a large brass body casting A bolted down to the soleplate B and 
to the conden.ser discharge C. Tlie buchet D is of brass, secured to 
the pump rod E by means of a brass nut secured by a split pin, 
and rendered tight against leakage by means of a gun-metal .spring 
ring F. The bucket valves are sliown at G. H is a brass plate 
secured to the bottom of the pump by a central brass bolt and 
fitted with a number of foot or suction valves J. K is another 


brass plate held in position by the top cover A, wbicli is bolted 
down to the cast-iron top of the pump J/, this portion forming the 
hot well. K is fitted with a number of top or delivery valves F. 
The pump operates thus. During the down stroke the foot valves 
H and the delivery valves X remain closed. Any water and air 
present under the pump bucket will find their way through the 
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bucket valves 0 to the 
top side of the bucket. 
On the up stroke, the 
bucket valves F will be 
closed since the atmo- 
spheric pressure outside 
is greater than the con- 
denser pressure, and the 
water and air on the 
top side of the bucket 
will be discharged 
through the delivery 
valves. At the same 
time, the pressure in 
the space between the 
bucket and the foot 
valves will be lowered, 
and presently the foot 
valves will open, allow- 
ing more water and air 
to pass through from the 
condenser. The pump 
is single-acting, deliver- 
ing air and water on the 
up stroke only. 

The pump rod is ren- 
dered air- and water- 
tight by a stuffing-box 
and gland in the top 
cover, and is guided by 
a slipper P attached to 
the pump crosshead (?, 
the slipper sliding on a 
rod R, which is secured 
to the air pump and 
to the side of the 
condenser. The pump 
bucket is 17" in dia- ' 
meter X 12" stroke. 



Fjo. 229.— Sectional elevation and plan of marino 

air pump. 
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Tile valves are shown separately in Fig. 230. The valve A 
consists of a rubber disc covering a grating B, and is prevented 
from bending upwards too much by means of a guard plate C. A 
screwed stud D, of naval brass, holds all in position, the stud being 

screwed into the grating 
and riveted over at its 
lower end ; the guard 
plate is screwed on to the 
stud and locked by a 
split pin. As rubber de- 
teriorates rapidly, metallic 
valves are used extensively 
in modern practice. 

Air in feed water.— 
At ordinary atmospheric 
pi'essure, sea water con- 
tains air in the proportions 
of about 1 to 20 by volume. 
This air is mechanically 
mixed with the water and 
is liberated in the boiler 
and carried with the steam 
through the engine and so 
into the condenser. Con- 
sidering one cubic foot of 
sea water, tlie air present will occupy cubic foot at atmospheric 
pressure and, at a condenser pressure of 2 lbs. per square inch 
absolute, will occupy a volume given by 

volume 

= H cubic foot. 

The air pump must therefore be capable of removing all the 
water of condensation from the condenser and, in addition, § cubic 
foot of air for each cubic foot of sea water fed into the boiler. 

The feed pump. — The feed pump for forcing the water into the 
boiler is sliown iii section in Fig. 231. It consists of a gun-raetal 
body A fitted with a brass plunger B made hollow for lightness. Tlie 
plunger is 3" in diameter by 12" stroke and there are two such pumps 
fitted. The plunger is rendered tight against leakage by means of 



Fio. 230.— Details of air pump ralves. 
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a stutiing-box witli brass gland and neck bush. The inlet valve is 
shown at C and the delivery valve at D. These valves are of the 



Fio. 234.— Arrangement for driving the air. feed and bilge pumps from 

the inUrmedmte crossbead. 

oi'dinai'v conic^il or clack variety and have a limited rise and fall. 
An air vessel is fitted at E. In working, during the up stroke the 
inlet valve C opens, permitting water to flow into the pump, the 
delivery valve being closed. During the down stroke, the inlet 
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valve closes and the water is foixjcd by the plunger througli the 
delivery valves D and so into the boiler. The air ve.ssel coiiUiiiH 
some air, and this, by its elasticity, serves as a cushion for the 
leduotion of shocks, which would otherwise be produced by 
the forceful pumping of incompressible water. Tlie plunger is 
attached by means of a rod Fio the air pump crosahead G, and .so 
is driven by the main engines. A sejwi-ate view of the pumj) valve 
and seat i.s shown in Fig. 232. The set screw for preventing the 
seat from becoming loose will he observed in this view. 



Feed relief valve. — In the case of the engines still working and 
so driving the feed pump, damage might be cjuised by the shutting 
down of the boiler feed valves. To permit of the* escape of the 
water discharged by the pump, a feed relief valve (Fig. 233) is fitted 
to the discharge pipe of the pump. This \-alve is similar in 
coustruction to the cylinder relief valve already dcsci ibed (p. 265). 
Provision is made for retnrning to the feed pump suction any 
water lost through tlie relief valve. 

Arrangement of pump drive.— Tlie method of di-ti-ing the 
pumps is shown in Fig. 234. The intermediate crossliead pin 
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is connected by short to a 

roddng lever C, which has its bearings 
at D. The sliort end of the lever is 
connected by other links E to tlie pump 
crosshead F. The beaiing on which 
the lever rocks is supported on a bi-acket 
cast on to the condenser and column. 
The air pump levers are made of steel 
plates (Fig. 23')) with the necessary 
pins and gudgeon secured to them by 
nuts. The cpnnecting links are sliowu 
se|wrately in Fig. 23G, and consist of 
gun-metal bearings connected by bolt 
stays. There are in all five pumps 
driven from the air pump ci-osshead, 
viz. the air pump, two feed pumps 
and two bilge pumps, u.sed for dealing 


Kiii. 23ij — Piiinji CDiinfctiiit' the biljies of water. 

liiikn ^ 

Circulating pumps.— The water for 



Fig 237.— Ccntrifnj^al circulating water pump 
and diiTing engine. 


MARINE CIRCULATING PUMPS. 


mk 


















Fio. 238.-Det4il8 of centrifugal circulating water pump. 

a cBiitriftgal pomp driven by an independent steam engine having 
a cylmder 6" m diameter xSf stroke (Fig. 237). Hie Zd 
« ahowa in deUil in Fig. 238, where il J obZ jZl 

s. ^ 
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it consists of a six-Waded wheel A, 24" in diameter, rotating inside 
a chamber B. Mater enters the chamber at the centre of the 
wheel through the inlet passages C\ C, where the rotating wheel 
imjKirts additional kinetic energy to it, and so delivers it through 
the whirlpool chamber D to the discharge E. The dri\ing side 
of tile wheel shaft is provided with a stuffing-box ; the'other 
end is closed by a plate to prevent leakage. The wheel shaft i.s 
connected to the engine cmnk shaft by means of a flanged 
coupling (Fig. 237). “ 

Frequently, not only the circulating pump but also the air 
piinip is driven by an independent engine. The arrangement is 
advantageous in permitting a vacuum to be obtained in the 
condenser before starting the main engines, thus reducing the 
number of operations which have to be attended to at one time. 

Quantity of circulating; water— Generally frojn 30 to 40 lbs. of 
circulating water are supplied to the condenser per pound of steam 
condensed. The quantity depends on the sea temperature, which 
of course is higher in tropical regions. With sea water at 60* F., 
and the water delivered to the hot well by the air pump at 120* F., 
about 15 lbs. of water condensed per square foot of cooling surface 
in the condenser may be considered fair practice. 





Fig. 230.— ludicator diagram from u.p, cylinder of triple expansion marine enginca* 
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Indicator diagrams.— A set of indicator tliagmnia, obtained din ing 
a trial of the engines on 20th August, 1895, U given in Figs. 239, 

± 



Fio. 240.— Indicator diagram from m.p. cylinder of triple cxiansion nmnne engines. 



Fio. 241 -Indicator diagram from l.p. cylinder of triple expansion marine engines. 


240, and 241. Other particulars obtained at the same time are as 
follows : 

Steam pressure in boilers, - • 138 lbs. per sq. incli. 

M M.p. steam chest, 62 ,, „ 


„ .. „ li.P. steam chest, 

Vacuum in condenser, • 
Revolutions per minute, • 

T.ii.p. from H.P. cylinder, 



99 




2Ti inches of mercury. 
143 



? 9 


It 


M.P. 




460 




99 


L.P. 




Total i.n.p., 


302 


1334-2 
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EXERCISES ON CHAPTER XV. 

1. Ill tlie trial of the Beilis compound engine (p. 2o7) the followin'' 
data were noted : diametei-s of cylinders, h.p. = IS", l.p. =22’', stroke = 
11". ievs^=;i7.) ; for h.p. cylinder, i.H.P. = l(j7: for l.p. cylinder, 
i.H.p. = 1.5.{. Calculate what must have been the mean pre.ssures for 

neglecting tlie effect of the piston rod areas. 

2 . Give sketches and description of any one of tlie slide valves of 
the triple e.xpansion marine engine, p. 2()l.' 

3. Sketch and describe the construction of the h.p. marine engine 
cylinder, p. 263. Sliow clearly liow the liner is tixe<l. 

4. Taking the dimensions of travel of valve, steam lap and lead on 
top given in tlie Table, n. 262, for the h.p. cylinder, verify the jioint 
of cut-off given in the Table. 

5. Answer question 4 for the Inittom of the L.P. cylinder. 

6. Ill the Table, p. 262, the total ratio of expansion is given as 8'4.). 
Is this the actual ratio of expansion ? If not, calculate the actual value. 

7. Taking the quantities required from the Table, p. 262. calculate 
what force will be required to overcome the inertia of the H.P. recipro- 
cating jiarts, at the top and bottom of the .stroke, wlicn running at 143 
revolutions per minute. 

8. Sketch and explain the construction of a marine engine piston. 

9. Give .sketches and describe a marine crosshcad an<l guides. 

10. Sketch and describe the construction of the big end of a marine 
connecting rod. 

11. Ex|)lain and give sketches of the metliod of moving, at the same 
time, all tlie links of the reversing gear. 

12. Sketch and describe in detail a double bar link and block for a 
reversing gear. 

13. What is the function of the thrust blcH-k in a marine engine? 
tSketcli one of the shoes for such a block, and show Iiow it is adjusted. 

14. CJive sketches and explain the construction of a propeller. 

15. Explain why it is of importance that sea water .should be kept 
out of the steam space of a marine surface condenser. ^\ hat would be 
tlie effect of such leakage? 

16. Describe witli detailed sketches the connection of the tulie plate 
t<i the condenser body, and also the method of packing tlie tubes. 

17. (live .sketches and describe the construction of an air pump 
bucket and valves. 
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18. Take sea water to weigli 64 lbs. per cwbic foot, and calculate 
how much air per day would enter a marine boiler witli the make up 
water, supposing 1500 lbs. of such water to be used per da}'. 

19. Sketch and describe a feed pvmp intended to be driven by the 
main engines. What occurs to the delivery water, supposing the l)oiIer 
feed check valves are shut down ? 


'20. Show by sketches the method adopted in marine engines for 
driving the pumps from one of the main engine crosshcads. 

21. Give sketches and describe the action of a centrifugal ciretdating 
water pump. 

22. Sketch and describe the escape valve as fitted to the cylindera of 
a marine engine. What is the use of such a valve? Show, by a sketch, 

' where it is fixed. ISflfi. 


28. Describe and sketch the construction of a double-beat or 
equilibrium valve. When and for what purpose are such valves used ? 
In such a valve the two scats measure respectively 8 inches and 
7i inches in diameter, and the weight of the valve is 70 lbs. What 
pressure per souare inch would cause the valve to lift, the pressure 
between the valve discs being disregarded. 18%. 


24. Sketch and describe the construction of the air pump bucket 
with its valves and packing, and show how it is worked in connection 
with a jet condenser. Of what materials arc the laxly of the Imcket 
and of the valves respectively made? 1897. 


26. Explain and show, with sketches^ the construction and action of 
the force pump employed for feeding the water into a boiler when an 
injector is not used. Sketch also in section the “ clack ” or non-retum 
valve attached to the boiler. How is the pump preventeil from forcing 
water into the boiler when the engine is running, but a sunplv of water 
IS not required? * 1097 


26. The ram of such a pump (question 25) is 2 inches in diameter, 
and lias a stroke of 24 inches. How many gallons of u’nter (neglecting 
eakap) would be forced into the boiler for each 1000 double strokes 
(one forward and one backward) of the pump? 

1 gallon of M-ater= 0 i 6 cubic feet. 1897. 

27. Descrilie, with sketches, a large air-pump for a steam engine 

l’907. 


enters a cylinder at any initial (absolute) pressure »„ it 
stroke. What is the average pressure during t 
stroke . It is some fraction of p,. Assume the hypothetical diagrai 
no clearance, an expansion law pi> constant. Apply your answer to t! 

eases where p, is 100, 80 , and 60 . If the back praiurc is 17. wlmt 

the mean effective pressure in each case? 

The arfea of .the piston is 300 sq. inches, crank ‘2 feet ; two strokes 
a revolution; what is the work done in one revolution in each of tl 
above eases ? Tabulate your answers. 
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29. Two slrokc's in a revolution : area of piston ^KK) sq. inches; crank 
2 feet. What is the volume (neglecting clearance) of steam admitted 
if the cut-off is at |th of the stroke? If the initial pressure is KX) or 
80 or 00 pounds per square inch, what weight of steam is used in one 
stroke (assuming no condensation, no clearance). What weight is used 
in one revolution ? 


p 

100 

1 

1 80 

60 

Volume in cubic feet of 1 lb. of steam. 

A-m 

1 

5-37 

1 

7 03 

1 


1907. 






CHAPTER XYl 


LOCOMOTIVES. 

Locomotives. — There arc two principal types of locomotives, one 
intended for running on rails, the other intended for traction 
purposes on ordinary i-oads. Dealing with the fii-st type of 
locomotives, these consist in general of an engine having a pair of 
cylinders, the pistons of which are connected by the usual crank 
and connecting rod mechanism to a crank shaft having a pair of 
cranks placed at right angles. The crank shaft lias a pair of 
driving w’beels, one at each end, which are properly constructed 
so -AH to run on the rails. The engines are mounted on a frame, 
on which also is mounted a boiler, situated over the engines. 
The whole is supported on wheels, springs being placed between 
the axles and the frame in oi-der to reduce shocks. Frequently 
there are four, si-x, eight or even ten driving wheels, these being 
mounted on axles in paira, one axle being driven direct by the 
engines and the others being connected to the first by means of 
coupling rods and cranks placed at right angles. Tlie locomotive 
is said to be four, six, etc. coupled, depending on the number of 
driving wheels. 

Although compound locomotives are used largely, the more 
general plan is to have both cylindera high pressure. The exhaust 
steam is delivered up the chimney and is so utilised for securing 
the necessary draught of air through the furnace. Inside cylinder 
locomotives have the cylinders placed between the frames, time 
necessitating the use of cranked driving axles. Outside cylinder 
locomotives have the cylinders placed outside the frames, working 
on crank pins secured to the driving wheels, the driving axles 
lieing straight in this arrangement. The tractive effort of the 
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Fiq. 243.— Arrxujg^mcnt of tbe )x>gio tnick. 
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locomotive is secured by reason of the friction between the driving 
wheels and the rails. There must therefore be a sufficient pro- 
portion of the weight of the locomotive cairied by the driving 
wheels in order to secure the reqtiired frictional adhesion. 

Engines having a great length of wheel base generally have the 
front part of the locomotive carried on a bogle in order to give 
flexibility in rounding curves and taking points. The bogie is 
simply a small car with four wheels, connected to the frame by a 
central vertical pin, on which the bogie can swivel and so adjust 
itself to the i-ails. 

The valves are usually of the simple slide valve type, having the 
backs fitted with some form of relief frame. Oeneially in this 
country Stephenson’s link motion is the gear used. 

By the courtesy of Mr. James Holden, some of the details of a 
Great Eastern Railway express passenger locomotive are given 
here. The locomotive is four coupled, of the inside cylinder type. 
Tlie boiler has already been described in Chapter X. 

The engine mechanism. — The anangement of the principal 
parts of the mechanism will be understood by refei'ence to Fig. 242, 
which shows the connections to one of the cylindei-s, tlie valve gear 
being ojnitted. The cylinder A has the valve chest IJ placed 
underneath and is securely bolted to the side frames J/. The 
piston rod is connected to a crosshead C, which slides on a single 
guide bar i), the latter being bolted to the cylinder at one end 
and to the motion plate E at the other end. The motion plate 
insists of a casting running between the two side frames if and is 
bolted to them at each of its ends ; it serves to carry one end of 
guide bars and also guide brackets for the valve spindles 
connecting rod is shown at /’and tlie driving axle at (/. 'Hie 
UNing wheels //and K on the side of the locomotive shown are 
coupled by the coupling rod L A .similar coupling rod connects 
the pair of wheels on the other .side of the locomotive. 

The driving axles run in axle boxes, which rest on coach springs 
A ; the.se springs are slung from brackets /> bolted to the side 
trames by means of suspending rods Q. The rods pass through 
cases /f, containing several rubber washers, which are put under 
compression by the weight of tlie machine and assist in dampinir 
nbrations. The weight of the front part of the locomotive is 
lajcen by a bogie having four wheels, two of which are indicated 
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it S, S. Details of the bogie truck and its springs are shown 
in Fig. 243. 

The valve gear.— The valve gear is of the Steplien.soii link 
motion type, the arrangement being illustiated in Fig. 244. 'J’lie 
eccentrics and are secured to the driving axle A and are 
connected to the link li by means of eccentric rods C, C\ wliich are 
shown broken in the illustration. The details of tlie eccentric.s are 
illustrated separately in Fig. 245. The valve rod D is in two paa-ts, 




Flo. 245.— Locomotive eccentric. 


connected at E by a cotter joint, and is connected to the ^’alve at 
E. Tlie valve rod works in a guide G secured to the motion plate 
and carries at its outer end a block which slides in the slotted 
link B. The link is suspended by lifting rods K from a lever L on 
the reversing sliaft M. The link of the other motion is connected 
m a similar manner to a lever fixed to the same shaft. Both links 
are put over simultaneously by operating the reveraing shaft 
through the rod .V, connected to the reversing lever at the foot 
plate and to the lever P on the reversing shaft. 

An air cylinder is fi.xed to the side frame at its function bein» 
to support the weight of the links and half the weight of the 
eccentric rods, and also to supply a means of reversing the engine 



300 


STEAM AND OTHER ENGINES. 


bv power, thus reduc- 
ing the manual effort 
which must otherwise 
be applied to the re- 
versing lever. The 
piston It is attached 
to a piston rod of 
large diameter, which 
is connected at its 
outer end to the lever 
S fixed to the revers- 
ing sluift. The piston 
rod is guided by a 
block sliding in a 
bracket T secured to 
the side frame. Pipes 
for supplying air un- 
der pressure are con- 
nected to each end of 
the cylinder at U and 
1’, and lead to a valve 



not shown. In the 
running position both 
ends of the air cylinder 
are in communication 
with the main air 
reservoir, the effect • 
being to produce a 
resultant force on the 
])iston urging it to- 
wards tlie left. The 
ratio of the diameter 
of the ])iston rod to 
that of the cylinder 
i.s adjusted so that the 
resultant force may be 
sulheient to support 
the weight of the 
motion hanging from 



h'UK 240 .— lulls uf Oiciit L^ustem lUilway iocumotivo cylinders. 
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the links A’ In reversing, the valve is operated so as to put one 
side of the cylinder in communication with the exhaust, the othei' 
end being still supplied with air under pressure, thu.s causing the 
piston CO move from one end of the cylinder to the other and so to 
raise or lower the links. 


The cylinders.— The cylinders ai e cast together in one piece with 
the steam chests underneath (Figs. 246 and 247). The cylinders 
are strongly bolted to the side frames at /l,.l. Steam is led into the 
steam chests through the pssage h and is exhausted to the blast 
noz;5le through the passage C. The piston 1) is of pressed steel 
secured to the piston rod— which is tapered to receive it— by means 
of a nut with locking pin. The piston j'od passes through the 
cover E to the crosshead and is furnished with a tail rod F passing 
through the cover (?. The valve jod // has also a biil lod, and is 
connected to the slide valve K hy me<ms of a buckle forged on 
the i-od. The slide valve is balanced, being furnished with a 
packing ring sliding on a planed surface of tlie steam chest cover A, 
and provided with a liole M which ))uts tlie .space at the hack of 
the valve into communication with the exhaust poi t, tlins lelieving 
the back of the valve from the pie,ssure of the steam. The 
cylinder ports are shown in plan in Fig. 248. 






Fio. 248.-PIHU of tbo 
cylinder port& 
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Tlie piston is packed with two Ramsbottom spring rings fitted 
into grooves in its nm. The piston rod and valve rod are rendered 



steam-tight with metallic 
packing fitted to the 
stuffing-boxes. Diainage 
of water from the cylin- 
ders is provided for bv 
means of passages A’, N 
leading from the steam 
ports to the lowest part of 
the cylinders, where the 
drain cocks are situated. 
The smoke box is .secured 
to the cylinders at P, P. 

Crosshead and con- 
necting rod. — The cross- 
head consists of a casting 
(Fig. 249) cored out to 
receive the connecting 


Fio. 24-..-Locomotive crosshead. the joint being made 

by the gudgeon pin B. 

Tlie cro.sshead is secured to the piston rod by a cotter at the 
])iston rod end being fitted to the tapered hole in the crosshead. 
The crosshead W formed to embrace completely the slide bar at 



/). In this type a single slide bar is fitted, in other types double 
slide bars are often employed. The slide bar is shown separately 
in Fig. 250. Oil is supplied to the slide l)ar from the oil box b 
on the top cover of the crosshead and finds its way to the under 
side of the crosshead through the oil holes shown in Fig. 2oO. 

The connecting rod is illustrated in Fig. 251. It is of rectangular 
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cross section, tapering from the cnink pin end to the gudgeon end. 
The gudgeon end i.s titted with a plain gun-metal bearing A ; the 
crank pm bearing /i is of gun-metal and is in halves,* held in 
position by a strap C Weai- is taken up by a cotter D, which 
IS locked by two set screws E ; the strap is secured to tlie rod 
by moans of two bolts F, F, with lock nuts and split pins. Oil is 
supplied from the oil cup G. 

Crank axles.— These aie shown in Fig. 252, together with a 
pair of driving wheels. The a.xle is made out of the solid with 
circular crank webs. The cranks are placed at 90°. The eccenti ic 
sheaves are keyed on between the cranks and therefoie have to be 

made in halves, as is shown in Fig. 245, 
the halves being secured together bv a 
pin with two cotters. The driving wheels 
are of cast steel with steel tyies .secured 
to the wlieel by the method illustrated 
in Fig. 25.3. The tyre has a projection 
A on tlie outside of the wlieel : a riii" 

' O 

B is placed on the inner side and the 
whole is held in position by rivets. The 
object is that the tyre, should it break, 
may be .still held in position on tlie 
wheel. Tyres are turned to a slightly 
conical form after they are in position 
on the wheels. When running round 
a curve, the flange of the wheel on tlie 
outer rail of the curve comes against the lail, the wheel thus 
running on its largest diameter, wliile the wheel on the inner rail 
is running on its smallest diameter. The object is to reduce the 
slip, and consequent wear to tlie wheels, which would otherwise 
result by reason of the outer wheel having a greater distance to 
travel in rounding the curve than the inner, while both wheels 
make the same number of revolutions. 

Clank pins for the connection of the coupling rods are shown 
secured to the wheels in Fig. 252. These are forced into holes 
bored to receive them, and then riveted over. 

Balancing. — When running, the mechanism of the engine sets 
up inertia forces, which must be reduced so far as possible by 
balancing. This is accomplished by casting large balance weights 



Klo. 2^3.— Method of securing 
locoiQutivu tyres. 
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with the driving wheels, a.s shown in Fig. 2’)4. Want of balance 
in the horizontal direction produces impulsive effects on the diaw 
bar. In the vertical direction, want of balance will produce, din-ing 
each rotation of the driving wheels, an effort tending to lift the 
wheel from the rail at one place, thus causing slip and wear at tlio 



Fio. 2M.— Lowmotive driving wLocl and balance weight. 


part of the tyre which is then in contact with the rail ; at anotlier 
place tliere will be an impulsive downward effort on the wheel, 
producing a hammer blow on the rail. 

Liquid fuel in locomotives.— The Great Eastern Railway 
locomotives are fitted with apparatus for the consumption of oil 
fuel. Mr. James Holden has taken a prominent part in the 
development of this method of raising steam. In Fig. 255, A is one 
of two injectors for spraying the mixture of coal tar and green 
oil, oil tar, creosote or other oil used as fuel into the furnace. 
These injectors are inserted in orifices in the front of tlie boiler^ 



30G 


STEAM AND OTHER EN(iINES. 



one on each side, and 
are so disposed that 
they do not interfere 
with the use of coal in 
the furnace. Tlie con- 
struction of the Holden 
injector is shown in 
Fig. 256. The object 
i.s thorouglily to break 
up the oil fuel into a 
spray of fine particles. 
Theie are three inter- 
nal cones in the in- 
jector, having finely 
adju.sted .spaces be- 
tween. The oil is fed 
into the otiter space, 
and on emerging from 
the end of the cone at 
J is met bv a mingled 
jet of .steam and air 
coming from the other 
spaces. Air is.supplied 
through the centre and 
steam between the 
inner and middle 
cones. On emerging 
from the mouth of the 
injector at B, the 
mingled jet of air, 
steam and partially 
atomised oil, is met by 
jets of steam coming 
from a ring C. These 
jets etfectually com- 
plete the atomising, 
with the result of 
securing complete com- 
bustion of the fuel. 




LIQUID FUEL IN LOCOMOTIVES 
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The steam requii'ed to run the injector is taken from the hoiler. 
The jet action of tlie steam flowing through the nozzles eiiuMes it 
to dmw in the air supply through the central orifice ; indeed the 
vacuum, which may be maintained by the injector, luw been applied 
for the working of the vacmiiu biakea. llegnlatioji of the oil 
supply is accomplished by means of valves (►perated bv liaiid 
wheels under the contiol of the driver. 

Coal is used for laising steam in the Ijoiler. Tlie furnace is lilted 
with a specially large liro-brick bridge Ji (Fig. 2.')5), towards whieh 



Fic. 266.— Holden's liquid fuel injector. 


the injector jets are directed. This bridge intercepts and vapori.se.s 
. any oil which has escajwd being atomised by the injectoi's. A thin 
layer of incandescent fuel is kept on the fire-bai-s during i imning. 
The air required for the injectors may be .supplied hot by drawing 
It through a steam heating an-angement consisting of a number of 

air entei-s through the 
orifice j), and after passing through the heater is led through the 

pipe £ to the injectoi-s. Tlie oil supply is contained in tanks 
pl^d m the tender and connected by pipes to the injector. 

The arningement rendei's it possible to u.se coal firing alone or 
m firing a one or both coal and oil may be burned simnltaiienuslv. 
ihe alteration from one system to the other can be effected, while 
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the engine is actually running. The adaptability of the Holden 
system has led to its adoption all over the world. 

Oil fuel lias also been applied to marine boilei's, and there are 
many vessels now employing this fuel. 

Road locomotives.— There are many varieties of locomotives 
now in use on ordinary roads for conveying goods. Many of these 
are driven by oil motors, otheis by steam, the boilers being fired 
in some cases by coal, in othei-s by oil fuel. While the eailie.st 
loeoinotives in this country ran on highways, the development of a 
light machine capable of ninning at a fair speed dates from the 
removal of legislative restrictions in 1808. At the present date 
sutticieiit time has not elapsed for anything like a standard type 
to be pi'oduced excepting in traction engines wliich are of great 
weight and of slow sjieed. Road locomotives of the latter cla.ss 
have been in use for a long period. Generally a boiler of the 
locomotive type is used, with the engine placed ovei- the boiler and 
geared to the driving wheels. 

Steam waggon — The following description is of a .steam waggon 
designed by Mr. T. W. Ikirber, to whom, and to the Editor of 
“Engineering” the author is indebted for the illustrations. Tlie 
waggon is designed to comply with colonial requirements, and is 
capable of undertaking .severe duty. The general ariangement is 
.shown in Fig. 257, where J is the .steam boiler, placed in front of 
the leading axle with the condenseis B beliind it. The engines 
are ^ituated at C, and consist of two indejjendent sets of engines, 
each .set driving one of the rear wheels by means of a chain. The 
exhaust steam from the engines passes through an oil sopaiatoi' /) 

on its wav to the condenser. 

% 

Tlierc are two systems of brakes, one consisting of rim brakes 
O' on each rear wheel, the other consi.sting of expanding brakes 
attached to the hubs. The.se are operated respectively by the 
hand wheel II and the foot lever •/. Clutches permit the engines 
to run disconnected fi’om the rear wheel.s. The control .system 
consists of three hand levers, one for compoundhig the engines, one 
for reversing and one for regulating the steam supply. 

The boiler: The boiler is ilhistrated in sectional elevation in 
Figs. 258 and 259. There is a steam chamber d and two water 
headers e connected by a number of brass tubes exiwndcd and 
feiTiilcd into the tube plates. The tubes are bent as shown in 
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Flo. 257. — (luiivnil urmugciiiciit of Barber's stuain wagi 
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Fig. 262 to obtain maximum efficiency of heating surface. The 
steam chamber and headere are steel castings strengthened by 



Fic. 25S.— Sectional front elevation of the water-tube boiler for Rirlxir’s 

steam waggon. 


ribs : the internal ribs of the steam 


chamber have each a circular 


hole to permit free passage of steam. Tliere are two downcomer 
tubes k one at each end of the boiler, to promote circulation of the 
water. The fire-box accommodation is large, to permit the use of 
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wood and other indilFerent fuel being used for steam rai.sing 
without forcing. Tlie steam when formed is collected by a i)or- 
forated pipe and passes out of the steam cliambei' into a pipe / 
leading into a series of tubes g. These tubes are heated liy the 
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Tlie engines. The use of two indepeiulent sets of engine.?, each 
connected to one of tlie driving wlieels, obviates the necessity for 



complicated speed changing and differential gearing. Each set has 
two cvlindeis and can be arranged to work as a coinpoimd engine 
01' as a simple engine having high piessure steam admitted to both 


Fin. 2r>0- — Arnintfomciit <»f one of the cu^jiirvs for Uarbcr*« steam 




Fio. 201. — Lonfif tud Inal scotiun of tliu valve box and cmss soctiun of the cylinders in the steam wiiggon engines. 
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cylinders. The general arrangement is shown in Fig. 260. WTien 
running compound, tlie valves t and « are closed, the former 
shutting off the exhaust to the condenser from the high pressure 
cylinder, and the latter the live steam from the low pressure 
cylinder. The exhaust from the high pressure cylinder then 
passes along the pipe w into the low pressure cylinder through 
the valve e (Fig. 261) ; the exhaust from the low pressure cylinder 
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Fio. 262.— Details of surface condenser for steam waggon. 


is led through a pipe c to the conden.ser. In running as a simple 
engine, both t and u are open and steam enters the high pressure 
and low pressure cylinders through the valves .r and o respec- 
tively (Fig. 260); exhaust takes place through the valve.s j and i', 
and thence along the pipes v and c (Fig. 261) to the condensers. 

The ari'angement enables a great range of power to be obtained 
simply. The engines are slung from the waggon fiame by means 
of links and are kept in correct position relative to the rear axle 
bv means of radius rod.s, which are adjustable, to provide for taking 
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up the chain. The crank shafts are of nickel steel and nm in an 
enclosed oil bath. 

The valves for distributing the steam are of the simple di op 
type (Fig. 261). These are actuated by means of cams on the 
shaft j>y which is driven by a Eenold chain from a sprocket wheel on 
the crank shaft. 

Tlie detiiils of the condenser are shown in Fig. 262. It consisU 
of two chambera connected by brass tubes expanded into the tube 
plates. The tubes are of similar design to those of the boilei', and 
are kept cool by an air draught produced by a fan. 



Flo. 2G3.— Steam waggon feed puinji, 


Feed arrangements. Tlie feed water is drawn from the condemscr 
and fed into the boiler by two feed pumps (Fig. 263), one driven 
from each high pressure crosshead pin. The supply of water to 



Fic. 264.— Automatic feed valve. Fin. 205. -Feed relief vulvu. 


the boiler is regulated automatically by the following arrangement. 
An automatic valve is shown in Fig. 264, consisting of a cylinder i 
liaving a piston m, which may move freely in the cylinder under 
the control of a helicjil spring. The pump delivery pipe is con- 
nected to one end of the cylinder ; at the other end is a small 
check valve I and a pipe leading to the boiler at noimal working 
level. A branch connection n le;ids the feed water to the boiler. 
Tlie orifice of n is open or closed, depending on the position of mi in 
the cylinder. Tlie pump reciprocates m, pushing it out of the way 
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during each delivery stroke, the spring returning m during the 
suction stroke and so closes n. This action takes place freely 
should the water in the boiler be below normal working level ; 
when this is the case steam passes from the boiler through the 
check valve I, and being compressible, permits of the reciprocation 
of m. Should the water level in the boiler be higher, water will 
enter the automatic valve, and, being practically incompressible, 
will prevent the reciprocation of m and thus shut off the feed 
delivery. In this event, the water discharged from the pump 
escapes through a feed relief valve (Fig. 265) on the pump delivery 
pipe and returns to the condenser. A small hole is provided in 
the check valve I to permit of the giadual return to the boiler of 
the water behind m as the level falls aniiin. 

O 


EXRRCLSES ON CHAPTER XVI. 

1. Give an outline sketch showing the piston and its connection to 
the chiving axle of a locomotive. What is tlie ol>jcct in having four 
or more driving wheels coupled together? 

2. Sketch in section a locomotive cylinder and descrilte its con- 
itruction. Omit the slide valve. 

3. Sketch and describe a locomotive piston, piston rod aiul cross- 
head. 

4. Explain the construction and give sketcliesof the hig-endofa 
locomotive connecting rod. 

5. Sketcli the arrangement for reversing any locomotive you know. 
Name tlic parts in your sketch. 

6. Sketch and describe a locomotive driving axle and one of the 
driving wlieels. Show clearly how the tyre is secured. 

7. Sketch and describe Holden’s injector for liquid fuel. 

8. Give sketches and description of a steam boiler adapted for use 
in a road locomotive such as a steam lorry or a motor car. 

9. Sketch with as little detail as possible the arrangement of a 
steam engine suitable for any road vehicle other than a traction engine. 

10. A locomotive develops ilO horse-power at a speed of 50 miles 
per hour. Wliat is the average pull exerted on the train ? 

11. What would l)c the indicated horse-power of a locomotive when 
moving at a steady rate of 35 miles per hour on a level rail, tlie weight 
of tlje train bein" 130 tons and the resistance to traction 10 ll).s. per 
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12. If a locomotive of 120(1 l.ll.l*. uses 3S Ihs. of feed water wr lioui* 
per l.H.K ; in u joiime}' of hours uirnt is tlie total ainoiiiit (jf fu(Kl 
water? If every |k)Uim1 of coal |jnKlucc‘s II Ihs. cjf steam, what is the 
total weiglit of coal Imrnt on the journey? If the mechanical etiiciiMicy 
of the engine is O'85, wliut is the power actually spent in oveK funing 
the resi^itance of the engine and train ? 11104. 
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THE STEAM TURBINE. 


The steam turbine.— Although the earliest recorded steam 
engine (dated about 2000 yeai-s ago) was a turbine in }irinci])lc, 
it is only within recent years that the machine ha.s been made 
successful commercially, and there is still a great deal of experi- 
mental work to be done in connection with it. There are no 
reciprocjiting parts in a turbine. The Huid delivei-s up its energy 
to revolving wheels in flowing pjist blades or buckets fixed to th 0 
rims, being guided properly by fixed blades, so as to come i)ito 
contact with the moving blades with as little mechanical shock 
as po.ssiblc. 

Water turbines have been applied successfully foi- many years, 
and their theory is generally undei-stood. In turbines wtuking 
with steam or other elastic fluids, the principles governing the 
action are affected by the property of expansibility which the 
fluids possess. 

There are two types of turbines : 


(a) Those in which the energy of the fluid when it enters the 
wheel is pi-actically entirely in the kinetic form ; 

(/>) Those in which the energy of the entering fluid is chiefly of 
the pressure form. 


Turbines f.f the first-mentioned type are called impulse turbines : 
those of the latter type are called reaction turbines. The do Laval 
turbine is an example of the impulse turbine ; the Parsons turbine 
is of the reaction type. 

The de Laval steam turbme.—This steam turbine is manu- 
factured in this country by Messrs. Greenwood & Batley. Ltd., to 



DK LAVAL STKAM TURBIXR. 


319 


whom the aiithoi- is iiidehted f(»r tlie illustrations. Tlic a<rtion of 
the turbine may be undei-stood by lofoieiR-e to Fig. 2GG. Steam 
is blown through a tiuniber of ii(»z/)es and is direeted against the 
vanes of a single revolving wheel. Tin* wheel i.s eontaiiied in an 
outer easing not shown in llii.s illustration ; the steam, after passing 
the wheel is exliausted from tl>c casing to the condenser or to the 
atmosphere. One revolving wheel only is used in thi.s machine. 



Flo. 206.— Action of the cle I.ava) >.tciiiu turbine. 


Ihe nozzle is so constructed as to permit tlie steam pa.s.sing throtirrh 
it to be e.\|)anded coin})lctely before reaching the wlieel. Tlie 
pres.sure of the .steam at the month of the orifice is thus verv low, 
Its volume per pound weight is very high and its velocity is also 
very high. In fact, the function of the nozzle is to convert, .so far 
as is possible, the pressure energy of the steam delivered to it into a 
corresponding amount of kinetic energy, the latter kind of energy, 

it will be remembered, being pro|)ortiomil to the square of die 
velocity. 
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Owing to tlie very sliort time tluit the steam is actually in the 
nozzle, practically no heat is wasted, i.e. the flow through the nozzle 
:s adiabatic, consecpiently the conversion of energy is practically 
perfect. It has been s<iid that the velocity of the steam is verv 
liigh on discharge from the wheel, and it follows fium this that the 
velocity of the wheel is also veiy high. In practice, the wheel l ims 
of the de Laval turbines run at from about 500 to 1400 feet })ei' 

second, giving, for the 5 n.r. 
size a .speed of revolution of 
3(1,000 per minute and foi' the 
3(X) u.p. size 10,600 revolutions 
per minute. 

Such speeds of revolution 
are genei-ally much too high 
to be utilised dire<tly, and 
the speed tif the wheel .shaft 
i.s reduced by means of gear- 
ing. Fig. 267 shows a coni- 
))lete machine of 3 R.ii.i’., the 
sejwrate })arts being shown 
in Pig. 268. Referring to the 
latter, ..I is the wheel .sliaft 
carrving the turbine wheel B, 
which is supplied with .■‘team 
through the nozzle 1 fitted 
with a valve A* for shutting 
off steam. In the larger tur- 
bines having .several nozzle.s, 
each is fitted with a shut-off 


rir., 'iOT.— 3 B.H P. <lc I-vviil steam turbine. 


valve (Fig. 269), so that the 


steam sup])ly may be adjusted by liand, independently of the 
governor, to suit the work being done. The valve is omitted in 
the smaller sizes of machine having one nozzle only. The energv 
supplied is adjusted to meet the demand by closing entirely one 


or more of the nozzles. 

The shaft A carries a double helical-toothed pinion C (Fig. 268) 
gearing with a similar wheel ^f mounted on a second gear wheel 
shaft iV. In the turbine supplied to the Engineering Laboiatorv 
at the West Ham Technical Institute the ratio of M to C is 8 to 1, 
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and Uie turbine wheel rini.s at 30/KJ0 revolutiuiis per minute; 
consequently X runs at 3750 revolutions per minute, i’mlliei' 



Fig. 2CS.— Separate parts of a de l-nv.il stc.am tiirliinc. 


reduction, if recjuired. i.s secujed bv means of a belt jniiley R 
mounted on X and connected to a belt jiuiley on a third shaft, 
which may be observed in Fig. 207, tlie Irearings being buiiied 
in the pedestal of the machine. 



FtG. Nozzle and shut off valve of the clc Laval .-tc.aiu turbine. 


The speed of the turbine wheel is kept uniform by means of a 
centrifugal governor Q (Fig. 268) mounted on the second gear 
shaft, and operating a throttle valve in the steam adnii&sion pipe. 
The governor is shown in detail in Fig. 270 and diagiaminatically 
in Fig. 271. The construction is adapted to the high speed 
at which the governor runs. The gear shaft is shown at A (Fig. 
2(1) and has a collar B mounted on it, which serves to pivot two 

D.S. X 
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bent level's C,C. These levers are pivoted at 2), D, and bear at E 
against the end of the throttle valve spindle F, which is loaded by 
means of a spi nig G. This spring tends to keep the throttle valve 
open During running, the masses of the bent levers, indicated 
by the balls shown in Fig. 271, undergo centrifugal force tendim^ 
to carry tliein outwards from the spindle. The motion is conr. 
nuimcated to the point E, thus putting the spring G under 
compression and i)artially closing the throttle valve In the 
actual governor (Fig. 270) the bent levei-s consist of the halves 
of a spilt collar, which serve to enclose the remainder of the 
working parts of the governor. The governor is very efficient, 
the variation of .speed generally not e.xceeding 2 or 3 per cent, 
between full load and no load. Tlie construction of the throttle 



PiQ. 270.-do laval govcroor. Fig. 271. - Diagram of tUe de Laval 

governor, 


valve, wliicli is of the double valve equilibrium type, may be 
undei-stood by reference to Fig. 272, where the valve is shown at 
D ; dirt is prevented from entering the turbine by a wire gauze 
cage C through which the entering steam passes. 

General arrangement of the turbine.— Fig. 272 shows the 
genei-al arrangement of a 20 h.p. de Laval turbine. On leaving 
the throttle valve D the steam enters the casing E and after 
passing through the wheel F is discharged into R and exhausted 
through lY. The gear wheels H and J are enclosed in a case, which 
forms an oil bath necessary for smooth running. 

Construction of the wheel.— Owing to the manner in which the 
steam is used, there is no necessity for a small clearance between 
the wheel and the casing ; the wheel does not touch anywhere, 
and runs perfectly freely. There is about yV clearance between 
the mouth of the nozzle and the wheel blades. Special attention 



DE LAVAL STEAM TURBINE. 


323 


hiis to 1)0 to the construotion of tlie wheel and its shaft 

on account of the high speed. The wheel is a solid disc, on llie 


n 




circumfei-ence of which the buckets are fixed, eacli bucket being 
made and dovetailed sepamtelj to the wheel. It may be mentioned 
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that the centrifugal force on the bucket of a 300 h.p. turbine wheel, 
the weight of the bucket being 250 grains, is 15 cwts. when the 
wheel is running at its nonual speed. The construction of the 
wheel will be understood by reference to Fig. 273, in which also 
the buckets are shown separately enlarged in section. 

No matter how carefully the wheel may be turned and balanced, 
it is impossible completely to get rid of centrifugal forces which 



FlO. 273.— Construction of the wheel and 
buckets of a de Laval steam turbine. 


would, unless precautions were 
taken, entirely ruin the bearings 
in a few minutes. The plan 
which is adopted is to mount 
the wheel on a flexible shaft of 
small diameter having bearings 
on each side of the wheel, but 
at a good distance from it. On 
rotation commencing, the centri- 
fncal effects due to want of 

O 

perfect balance produce vibra- 
tions ; the vibi-ations, however, 
entirely disappear at a certain 
speed and do not reappear. 
This takes place through the 
wheel being permitted, by the 
flexibility of the shaft, to find 
its natural axis of rotation in 
much the same manner as a top 
spinning on the floor. The shaft 
of the 150 H.P. turbine is about 


1" diameter. This shaft transmits the whole power of the turbine 
wheel to the gearing, but, owing to the speed of transmis.sion, the 
turning moment is low, and consequently the stresses in the shaft 
do not exceed a safe limit. The gear wheel pinion is made of hard 
steel in one piece with the flexible shaft ; the teeth of the gear 
wheel are of somewhat softer steel. The teeth are machine cut, 
double helical, of small pitch, and run very quietly. The bearings 
of the flexible shaft are lubricated by sight feed lubricators ; those 
of the slow speed shaft by means of ring lubricators. All these 

bearings are lined with white metal. 

Losses in the machine.— As there is no leakage of steam (the 
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whole of whicli pa.s-ses through tlie wheel buckets), uiul vci v little 
friction due to tlie steam rubliing on the buckets, the only losses of 
importance are due to the residual kinetic energy of tlie leaving 
steam. The resistances of the moving pu ts are made up of two 
puts, viz. the fi'iction of the bearings which is small, and the 
i-esistanceof the contents of the casing in which the wheel revolves. 
In turbines discharging direct to the atnio.spliere, the latter 
resistance may be high, and is consideiablv reduced bv rarefvin*' 
tlie contents of tlie (Rising hy use of a condenser and air puru}), or 
of an ejector condenser for the projlnction of a vacuum. The 
clficiency of the tnacliine is therefoje gieallv increased bv the 
employment of a good vacuum. With 2B" vacuum, tlie toUil 
resistances of the machine amount to about 7i per cent, in the 
larger sizes of tuibines, giving a mechanical eflicicncy of 92i per 
cent. 


Applications of the de Laval turbine.— Tlie turliine may be 

used fur driving electric geneiatoi's, the shaft of the dvnamo 

being diiectly connected to the gear shaft, tlius .sjiving belt and 

countershaft connections as well as floor sjwce. Bloweis and fans 

may be connected in a similar manner as sncli machines can 

utilise efficiently the high speed of rotation. An inteiesting 

application is in the diiving in this manm-r of centrifugal ))umps 

for forcing water at liigh pressures, up to 250 or 1100 Ib.s. per 
sijiiarc inch. ' 


Rr-si-i.Ts or Trials with a dk Laval Hion 

Pi’jir. 


Pressi-re Turbin’e 



1 

1 Height of 
delivery, 
feet, 

Gallons 
of water 
delivered 
per min. 

1 

II. P. 

itn|x*irted 
to wafer. 

Lbs. of 
steam per 
water ii.r. 
\*CT hour. 

ncnmrks. 

1st Trial, 

:ii2 

529 

.50 



211(1 Trial. . 

44;i 

629 

84-4 

211*0 


.3rd Trial. . | 

.)09 

529 

81-6 

.31-3 

1 Work for 


( 

040 

90-7 

30-6 

! coiidonsinc 

4th Trial, 

467 

530 

75 0 ! 

32-2 

is included. 


■ 

' 4.30 

60-9 

351 



[ 

286 

1 

40-5 

• 

43 1 
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Test on a de Laval turbine.— The foiegoing results are taken from 
a paper by Mr. Konrad Anderson and refer to a set of tests made 
on a steam turbine driven plant in which two pumps were u.sed, 
one centrifugal pump being driven by the turbine by means of 
gearing at a low speed and delivering water to a high speed 
centrifugal pump driven direct from the steam turbine, which in 
turn forces the water to a con.sidei-able head. 

In these tests there was a considerable distance between the 
boiler and turbine, giving a probability of wet steam. The 
condensing water was supplied from the slow-speed pump, 
consequently the machine drove its own condenser. 
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FlO. 274.— Action in the Curtis steam turbine. 


The Curtis steam turbine.— The Curtis turbine is made in this 
country by the British Thoinson-Houston Co., Ltd., the illustiations 
given here being reproduced by the courtesy of this firm. The 
turbine is of the “impulse” or “velocity” type, in which a higli 
velocity is given to the steam by expanding it in stages through 
nozzles, so as to convert its pressure energy into the kinetic form. 
After leaving the nozzles, the steam passes successively through 
two or more rings of buckets on a revolving wheel interspersed 
with reversed buckets on the stationary part of the turbine. After 
leaving this wheel the steam is redirected and further expanded 
by a second ring of stationary nozzles to be passed through a 
second revolving wheel and so on. The arrangement of the 
fii'st revolving wheel and nozzles is shown in diagram form in 
Fig. 274. Each revolving wheel is arranged to abstract a portion 
only of the kinetic energy of the steam passing through it, and 
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thus may revolve at a much lower speed than in that type of 
turbine in which the whole operation is cari-ied out by the use 
of one revolving wheel only. The e.xpansion of tlio steam is 
effected in stages, ue. is not completed until the last set of nozzles 
has been passed. Each set of guide nozzles and revolving wheel is 
called a stage, a turbine having four revolving wheels being 
designated a four stage turbine. The number of stages and the 
number of rings of buckets in each stage is governed by the degree 
of e.xpansion, by the peripheral speed of bucket which is desirable, 
and by other conditions of mechanical expediency. 

The governing in this turbine is effected by means of a group of 
adniis.sion valves (Fig. 274) controlling the admis-sion of steam to 
each of the fii-st set of nozzles. Tlic valves are under the control 
of the governor so that the number of valves open, and conse- 
quently the number of nozzles in 0 |>er:itioii, will be proportional to 
the load on the turbine. 

The turbine, as made by the above mentioned firm, is generally 
applied to the direct driving of electric machinery, and the most 
convenient arrangement has been found to be that in which a 
vertical revolving shaft is employed. Fig. 27.'i shows a complete 
four stage machine in section. The revolving shaft A has the 
turbine elements mounted at B. C is an electric genenitor 
mounted on a part of the shaft A direct coupled. A suifaee 
condenser is shown at D. 


Steam is supplied to the turbine through the admission valve T, 
and fii’st set of nozzles jVj . The four I'evolving wheels, IK , ]V„ 
H 3 , 114 , are fixed to the shaft A and are separated by diaphragms 
arranged so as to prevent steam leaking from stage to stage except 
by i^ing through the nozzles .V,, .V 3 , iV,, which are formed in 
the diaphragms. The steam is subsequently discharged into the 
surface condenser D, in which the vacuum is maintained by an air 
pump independently driven by an electro-motor. 

The shaft A is mounted on a footstep bearing which introduces 
so little friction that the rotating parts of a 1500 kilowatt set can 
be easily turned round by hand. The footstep bearing consists of a 

LvlTi. 1 ^ lubricant, being forced through a 

central hole in the stationary block and spread outwalks as a thin 

film between the surfaces of the blocks. The water is then paid 
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Flo. 275.-Sectional elevation of a Curtis steam turbine and electric generator 
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upwards and lubricates a guide bearing II, afterwards passing 
into the turbine base to be removed with the condensed steam. 
The armngement obviates the nece.ssity for a packing gland at 
this part of the turbine. To maintain the water pressure to the 
footstep bearing, a small pressure pump and hydi-aulic accumu- 
lator are used ; the ])ower thus emj)loyed is insignificjintly small. 
It will be noticed that, by this an-angement, the metal surfaces of 
the footstep blocks are never in conUct during working ; thei'e is 
always a film of water between tliem, and the friction to be over- 
come is consequently that of metal rubbing on water. 



Fic. 276.— Diapliragm And 
of tbu Curtis turbine. 



Fio. 277.— Curtis bucket ring. 


The middle bearing A' and the top bearing L are oil lubricated, 
the oil being delivered to them from a small pump driven from the 
shaft of the water pressure pump, and returned to be used over 
and over again. The middle bearing K is provided with a packing 
gland to render the shaft .,1 steam- and air-tight where it passes 
through tlie upper cover of the turbine casing. 

The construction of tlie diaphiagms and nozzles will be under- 
stood by reference to Fig. 276. One of the rings of the revolving 
buckets is shown in Fig. 277. The buckets are cut out of the 
solid rim by special machinery and are shrouded by a steel rim 
(Fig. 278> Loosening of the buckets at the high speeds of 
revolution employed is thus impossible. The clearance between 
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tile revolving wheels, the intermediate buckets, and tlie diapliragm 
iK.zzIes must be very small, and must be adjustable in order^to 
pie\ent aetual contact taking place. This is managed bv a screw 
adjustment on the footstep bearing M (Fig. 275), operated by 
means of a worm wheel and worm at X. The shaft A and its 
attachments may thus be raised or lowered for adju.sting the 
clearance. The complete set of revolving wheels for a four stage 
turbine Ls shown in Fig. 279. It will be noticed tliat each wheel 




Fifi. 2T0.— Set of wbcelft for a four* 
tyX'A^c Curtis stoaui turbine. 


has two rings of buckets ; tlie intermediate guide buckets cm the 
casing being placed between tliese rings (Fig. 275). 

The governor is of the centrifugal spring loaded type, and is 
connected to an electric controller, which opens or closes the 
circuits of a series of electro-magnets. These magnets operate 
pilot valves, which in turn open or close the .steam admission valves 
of the first .set of nozzles. The valves arc of the balanced type and 
thus require but little effoi-t to operate. The principle followed in 
the whole ari-angement is to have the governor' perform as little 
mechanical M ork as possible, thus increasing its sensitiveness. 

This tvpe of turbine may be conveniently applied to work with 
superheated steam. As the greater part of the heat is converted 
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into kinetic energy in the first set of nozzles, the Imckets are not 
subjected to inconveniently high (eiii])enitures. Tlie floor space 
occupied is \ ery small. Fig. 280 sliow.s the powci- station at tlie 
makers works; the Curtis turbo-genenitor shown to the left 
of the illusti-ation is equal in output to the aggiegate c;i))acity of 
the tlirec reciprocating engine sets. 



Fio. 2^.— power station at the British Tliomson llonftton hhowiiig 

a Cnrtis turlxi-i'cncmtor at the left of the illuhtratiuu. 


The Parsons steam turbine.--Bv the courtesy of Messj-s. 

^Villans & Robinson, illustrations are given here of the turbine 

manufactured bv them under license fmm the Hon. Charles A. 

% 

Paj'sons, C.B. The makei-s have introduced several important 
features of constiaiction j\'hich differentiate their machine from 
othera of this type, but the main principle is that of the Parsons 
parallel flow turbine. 

An external view of the 1000 kilowatt turbine is sliown in 
Fig. 281, and the same machine with the top cover of thecasing 
opened back in Fig. 282, It will be noticed from the latter illus- 
tration that the turbine consists of a rotating shaft having a large 
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Vio, Extcruul view of 1000 kilowatt ntcani turlilno on the Tiirsons system; constructed by 

Messrs. WiUans ik Robinson. 




FlO. — The turbine of Fig. 2S1, with the top cover opened back. 
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miinber of bladed rings which are of increasing diameter, corre- 
sponding hladed rings being attaclied to the casing so as to come 
between the rotating rings. Steam entei-s the turbine near the 
smaller end and flows among the blades towards the larger end, 
expanding and falling in pressure a.s it does so. The section of the 
ca.sing rings, as seen in the top cover in Fig. 282, clearly sltowa the 
giadnally increasing space provided for the steam to expand in 
volume as it passes through the turbine. Tlje machine is of the 
reaction type. 



Fjc. 2S3.— Half rings of blades in the Willaiis k Robinson and SauWey 

system. 


Each pir of fixed and rotating rings may be udled a stage. In 
each -stage the steam undeigoes a small drop in pressure and 
inci-case hi volume, and a portion of its energy is abstracted from 
it by tlie rotating ring and so given to the shaft. It will be 
noticed that twice in the length of the turbine the rings liave a 
sudden change in diameter. This arrangement is made in order 
that sufficient volume may be provided for the expanding steam. 
The same result could be obtained with nngs all having the same 
diameter, but in this case the blades would be either too long 
radially at the low pressure end, or too short at the high pressure 
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end. The method adopted provides for expnsion and secure.s a 
practical length of blade throughout. 

Blading.— The system of blading illustrated is covered by the 
Willans & Robinson and Sankey patents, and is very effective. 
The blades for both casing and rotor ai-e assembled usually in half 


CASINO 





UrS Thl^'’^^’ if the turbine is very 

ai IS given separately in Fig 285 shn through 
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the steam passes over them, the roots or tangs being also pressed 
or stamped to the proper dovetail shape. The other ends of tlie 
blades are stamped with a small tongue for riveting into the 
channel section shrouding S. ■ Both foundation ring and shrouding 
are slotted and punched on automatic dividing machines, so that 
both the pitch aud angle of the blades are determined accurately. 

The blades are assembled to the proper number into a complete 
half ring by lightly riveting the tongue of each blade into 
the channel shrouding, and pushing the wider part of the tang 
of the blade into one of the slots in the foundation ring. The 
light riveting permits a certain degree of freedom of the blades in 

the shrouding, so that they 
may be entered easily into 
their places in the founda- 
tion ring. The half ring is 
then placed in the groove 
provided for it in the shaft 
or casing, and is fixed by 
means of the caulking strip 
C, which gives strength and 
rigidity to the whole. The 
final riveting of the blades 
into the channel is completed 
after the ring is secured in 
the grooves. 

It will be observed from Fig. 284 that the groove is doveUiled 
or under-cut on both sides. The foundation ring F has one side 
at the same angle as the side of the groove, the smaller portion of 
the root of the blade coming between this side of the ring and the 
side of the groove, thi.s portion of the blade is thus nipped, after 
C has been caulked into place, Iwtween the foundation ring and 
the side of the groove. Thus there are two very effective pre- 
ventives to the blade becoming loose under the action of centrifugal 
force. The rotor, in which the grooves to receive the rotating 
rings are cut, is a hollow steel forging, turned inside and outside 
to insure perfect balance. The end shafts are shrunk into the 
forging and are also bolted against radial faces on it, thus 
securing rigidity of structure unlikely to be affected by unequal 
expansion and the heavy working stresses. 



Root or 

TO SHAVe 


Flo. 281 — Section through « b in Pit'* 284. 
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The channel shrouding serves to stiffen and protect the blades, 
and is also instrumental in preventing the steam from leaking jiast 
over the tips of the blades instead of flowing tlii-ougli. Tliis utility 
is due to the eddy, wliich will appear in any .steam leaking ovei’ the 
first edge into the enlarged section of the channel. It is well 
known that the resistance offered to eddy flow is much liigher than 
that of steady flow — lienee the utility of the channel in minimising 
leakage. It will also be undei-stood that, owing to the large 
number of stages, the pres.sure di-op fiom one ring to the next 
succeeding is small. Tliere is tlius only a .small pre.ssnre diirerence 
on the two sides of any one ring and consequently only a small 
force impelling leakage. 

Balancing the end thrust.— As the steam flows axially tlirmigli 
the turbine, it will exert a resultant force tending to carry the 
rotor in the same axial diiection. This is balanced by cau.sing the 
steam to react on balance pistons or collai-s attached* to the rotor. 
Two of these may be observed on the right of the inlet ring of 
blades in Fig. 282. 

Governing is effected by moans of a powerful centrifugal 
governor driven by worm gearing fioTii the turbine sliaft. Tlii.s 
governor is connected by means of a single lever to the main 
regulating valve controlling the steam supply. Friction i.s ahuo.st 
eliminated bv the use of ball bearings to all working parts. A 
secondary governor is arranged to .shut the turbine down sliould 
the speed exceed a prearranged limit. 

Oil is supplied to all the bearings by means of a rnUi y pump 
driven direct from the turbine. Thus, immediately the turliine 
starts, lubrication begins. The oil returns fiom the bearings to 
a tank in the steam end base plate (Fig. 281), where it is cooled 
by water circulation and redelivered to the bearings bv the 
pump. The bearings can be flushed with oil before starting bv 
means of a hand pump. As will be observed fi-om Fig. 282 the 
machine can be opened for inspection by folding back’ the 
^nged covers without m any way interfering with the working 


complete Plant.-Kg. 286 shows the general arrangement of r 

Gllow Ae Current Turbine eet al 

Wangow Tbe electnc generators are direct coupled to tlu 

turbme shaft. The surface condenser d, motor-drive^n air put^p 
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B, and tlie motor-driven centrifiigal cii eulatinf' water puiiip are 
situated in the basement below the turbine and genciators. 

Westinghouse double-flow turbine,— This turbine is con- 
structed bv Messi-s. The British Westinghouse Electric & Manu- 
facturing Co., Ltd., to whom the author is indebted for the 
illustration. In it is found a combination of the Ciii tis and the 
Parsons turbines. The steam i.s admitted to a steam la-lt A 
(Fig. 287), and then flo%vs a.xially in bf)tli directions lhr<nigh tlie 
turbine wheels. Leaving d, tlie steam is fiist e.xpanded lliroiigli 
nozzles B, in whicli its pressure falls atul the velocity correspond- 
ingly i . ,.ses. The nozzles direct the .steam currents tliiough 
the buckels C, C fixed to the rotating wheel, when the direi-tion 
is again changed by the fixed row of blades />, I) before pas.sing 
the second ring of moving buckets K. Tliis cotJstitiiU's the 
Curtis iwrtion of the turbine. In this poi tioii about one-tliird of 
the energy available in the steam isab.sorbed. The .steam is then 
expanded through tlie Parsons blades F, fixed to the lotatiiig 
spindle and to the cylinder, gradually dro])ping in pre.ssuie as it 
does so and imj)arting energy to the turbine shaft, and is dis- 
charged finally to the exhaust opening.s //, //at each end of the 
turbine cylinder. As both halves of tlie turlune on either «idc of 
the steam belt are identical, the .steam jiressure.s balance and 
there is no end thrust on the sliaft. 

lo seal the inside of the turbine, and so prevent leakage of aii‘ 
inwards, water glands ai-e used at ./, ./, consisting of small jiaddle 
wheels, somewhat similar to the wheel of a centrifugal jjumj), .so 
designed as to back up w’ater pressure in opposition to the pressure 
of the atmosphere. The main bearings A', A', are of cast-iron, lined 
with white metal, and are housed in spherit-.il seatings to allo\v of 
any slight defect in alignment. To maintain the spindle and 
attached rings of buckets in their con-ect |K)sition in relation to the 
fixed cylinder buckets and nozzles, a thrust block L is provided. 
This is made in halves, the bottom half being fitted with collars 
bearing against the collars of the spindle on one side, and the top 

half having its collars bearing against the spindle collars on the 
other side. 

An emergency governor, not shown, is fitted on the main shafting 
at J/, designed to come into play at a speed of some 10 per cent 
above the normal working speed of the turbine, automaticilly 
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Fio. 287.— Section of the Wc^stlnghouso double-flow sUara turbine, combining the Curtis and the Parsons systems. 
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shutting it down. The main governor controls the adnuHsion of 
steam to the steam belt by thi'ottling. Tlie governor gear is 
driven through a worm wheel P from the worm fixed to the 
turbine spindle. 

Forced lubrication is used, oil being delivered to each bearing 
from a main trunk j)ij>e under a few pounds pi-essure. The oil is 
returned from the bearings to an oil tank to be forced again by the 
oil pump through an oil cooler to the bearings. 

Exhaust steam turbines. — ith reciprocating engines it is not 
possible economically to carry the expansion of the steam l)eyotul 
a certain point owing to the enormous size of low pressure cylinder 
required. The heat and mechanical losses would quite outbalance 
any theoreticiil gain which might otlierwi.se be fibtniicd. With 
the turbine it is quite convenient to have high ratios of expansi.m, 
a-s the dimensictis of the parts are moilenite. Tims the .steam 
turbine can utilise economically steam at a much lower j)res.snre 
than a reciprocating engine. Hence the imiKirtance of attention 

to the design of the condensing arrangements of a turbine iilant so 
as to secure a high vacuum. 

An interesting application of thus principle has been ma.le in 

cj*aes where non-condensing recipi-ocatiiig engines are already at 

work The e.vhaust steam from the enginc.s is collected, instead 

of allowing It to discharge to waste into the atmosphere, and is 

delivere(l to turbines specially designed to work with low pressure 

steam. The general efficiency of the whole plant may thu.s he 

incrMsed largely. In some cases even double the power may be 
obtained from the 

modified plant with- ^ 

out any increase in 

the original steam 

consumption. 

Flow of a fluid 

through a nozzle. — 

Tlie consideration of 



Flo. 2SS.— Flow of a fluid through a 1107*10. 


the subject of turbines. In the case of a liquid the nrohlem 
lLni7^ r expansibility is absent. CoLder a 

g Let ^ be the cross-sectional area in square feet of any 
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section such as ah and !' tlie velocity of the water when passing 
tht'diigii this section. It being assumed that there is continuity 
of flow. />. no sjwces unfilled with water, precisely the same 
volume of water will pass any section of the nozzle per second. 
The weight of water passing ab per second will be equal to 
pl'.l lbs. where p is the weigiit in lbs. of a cubic foot, and this 
will be constant for all sections, hence 

pr.i=c, 

c being constant, and therefore 



or the velocity at anv section varies inversely as the aiea of the 

• • * 

section, since both c and p are constant. 

Flow of steam through a nozzle.— Assuming the same condition 
of continuity of flow, and taking account of the change in density 
of the steam, due to its expansion as it passes through the nozzle, 

Let r=the velocity in feet per sec. at any section nb (Fig. 28P). 

,1 =the area of <ib in .square feet, 

p=average weight of steam in lbs. per cubic foot under the 
conditions of pressure, etc., at ab, 

)r=weight of steam in lb.s. passing ab per sec. ; 

then 

Volume pa.ssing ab = A T cubic feet per second, 

Weight „ „ =p.! r lbs. per second. 

As expulsion goes on in the steam flowing through the nozzle, 
the pressure falls and the velocity increases ; the volume per lb. 
weight increases, consequently the weight of a cubic foot will he 
lower. It is found that the product of p and Tat fij-st increases 
and then decrease.s. The maximum product pV occui-s at the 
section of the nozzle where the pressure bears a i-atio of about O oS 
to the initial pressure. Up to this section the product p 1 increases, 
lienee .1 is made to diminish by making this portion of the nozzle 
convergent. Supposing the nozzle to end at this .section and the 
steam to be discharged direct from it into the e.xhaust chamber, 
tlie pressure in the exhaust chamber may be about 0 58 of the 
initial pressure, ?.e. the same as that of the terminal section of 
the nozzle. Should the pressure in the exhaust chamber be less 
than this value, the pressure in the terminal section of the nozzle 
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will be the same as befoi-e, but e.xpuision of the steam will be 
completed by lateral spreading aftei- discharge from the nozzle. 
To secure further expansion in the nozzle to a pressure lower than 
0'58 of the initial pressure, the nozzle .should be extended beyond 
the above-mentioned section. As the product p T is now diminish- 
ing, the area of the sections must be inci’easing, hence the nozzle 
diverges in the portion beyond the section where p V attains its 
maximum value. This portion is made conical usually, tlie angle 
of the cone being about 10°. The cone must not <liverge so lapidly 
that there is risk of the steam becoming sejarated from the sides 
of the nozzle. 



For example, take a nozzle in wliich it is intended t<» expand 
completely steam at 200 lbs. per square inch to a terminal prcssinc 
equal to that in the discharge chamber, which is maintained at 28" 
vacuum. Assuming that the admission steam is dry, the pressures, 
e(;^. in the different sections will be as f.dlows (Fig! 289) : 

Section A : 

Pressure : 200 lbs. per square inch above atmosphei'ic. 

Percentage of moisture i]i the steam : 0. 

Section B (the smallest section of the nozzle) : 

Pressure : 110 lbs. per square inch above atmospheric. 

Percentage of moisture in the steam : 4. 

Velocity of the steam : 1500 feet per sec. 

Specific volume of the steam : 3-5 cubic feet per lb. 

Section C (the lai’gest section of the nozzle) : 

Pressure (28' of vacuum) : 2" of mercury absolute pressure. 

Percentage of moisture in the steam : 24 . 

Velocity of the steam ; 4127 feet per second. 

Specific volume of the steam : 256-8 cubic feet per lb. 
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The latio of the areas of the largest and smallest sections of this 
nozzle "would be 27‘234. The ratio of the corresponding diameters 
would be 5-219. Thu.s, supposing the diameter at B to be (or 
6 nnn.), the diameter at C would be nearly 1^" (or 31-31 mm.). 
This nozzle will maintain a constant discharge of 479 lbs. per hour 
of steam initially dry and saturated, neither more nor le.ss.^ 

Angles of blades and nozzles. — In designing a turbine, the 
mechanical principles depended upon are; (a) The steam must 
enter the blade of the revolving wheel without sliock ; (b) the 
energy of the steam leaving the turbine wheel nmst be as low as 
possible, attained by causing the leaving velocity to have the 
minimum practical value. 

It is shown in mechanics that if two bodies come into collision, 
the impact always causes a loss of energy— hence the necessity of 
avoiding anythitjg like collision or shock wlien the particles of 
steam come into contact with the revolving blades. Shock is 
avoided by so relating the angle of the nozzle and the angle w hich 
the entering edge of the blade presents to the nozzle that the * 
Ateam slides on to the blade without impact. These angles are 
related to the velocity of the entering steam and to the velocity of 
that ])art of the revolving wheel w-here the blade is attached. 

E.vami’LK. Let the velocity of tlic steam entering an impulse turbine 
wheel he 4000 feet per sec. and the angle to the plane of the wheel 
at wliich it is directed by the nozzle 20*. Let the velocity of the wheel 
blade bo 1380 feet per second. Draw ah (Fig. 29()), making 20* with 
the plane of rotation ac, and make it to scale to represent r, = 4000 
feet per second. Let ac to the same scale represent r=1380 feet per 
second. Complete the parallelogram of velocities achd. Then ad will 
represent iv, the velocity of the entering steam relative to the blade. 

'J’o enable the steam to enter the blade witlmut shock, tlie direction of 
the lilade section at a sliould he along ad; the steam will then slide 
on to the blade without impact. Measuring r, to scale, it is found to 
he 2720 feet per second, and to be at an angle of 30* to the plane of 
rotation of the wliecl. The entering edge of the wheel must therefore 
be at 30’ to tlie plane of rotation. 

The blade may l>e curved to the arc of a circle as shown. A.ssuming 
that tlie leaving angle of the blade at e is also .30’, we find the absolute 


’ See lecture ilelivered at the Yorkshire College on the de Laval steam 
turbine by Mr. Konrad Anderson. 
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leaving velocity of the steam thus. Assuming frictionlcss flow of 
steam along the blade, it will be discliarged from e witli a velocity 
made up of two velocities, viz, (a) tlie velocity of 2720 feet per second, 
causing it to slide along the blade and represented in Fig. 290 by if] 
(5) the velocity of 13S0 feet per second wliich it has in virtue of being 
in contact with the blade, represented by eg. Find the resultant of 



thwe by the parallelogram of velocities efhg, giving the final leaving 
velocity V., represented by cA = I680 feet per second, and making an 
angle of 54^ with the plane of the wheel. 

Work done by the steam.— We may now calculate the work 
done by the steam on the w’heel. 

Let ir= weight of steam in lbs. supplied per sec., 


Then 


Uj— initial velocity of steam in feet per sec., 
»2= leaving velocity of steam in feet per sec., 


Kinetic energy available in the entering steam 


I|V 


ft. -lbs. per sec. 





346 


STEAM AND OTHER ENGINES. 


Kinetic energy carried away per sec. by the leaving steam 

Tl’j* 2 

= -T-^ ft.-lbs., 

Energy which can be converted per sec. into mechanical work 

/HV,2 nvA 


1|- 


ir 

Hoi'se-power available = ^ (t’f - r^-)/ 550. 

t/ 

We may also write : 

Energy which can be converted per sec. into mechanical work 
per lb. of steam supplied 

•I tj 

2-/ 2fl 




0 

r.- - r.,- 


2^ 


ft.-lbs. 


Initial energy supplied per lb. of steam per sec. 


r, 


= V- ft.-lbs. 
2^ 


Hence, 


T,™. . energv derived 

Emciency = ^|.- , 

energy supplied 


n A 

”t'-V 


-!f 


_‘l 


.. 2 


2.7 


r.2-r2 


,. 2 




Applying these results to the velocities obtained in the above 
example ; 

r, = 4000 feet per sec. 

1680 feet per sec. 


WOKK DONK BY THE STEAM. 



Efficiency=l - 

_ /1680\2 

[iml 

=0-8235 

= 82'35 per cent. 

It may be noted tliat, to secure the lughest possible efficiency, 
the velocity of the wheel blades should be about 47 per cent, of 
that of the entering steam. With a steam velocity of 4000 feet 
per second this would give a wheel velocity of 1800 feet pei- seco!Kl 
or about 21 miles per minute. This .speed i.s impracticable for 
various mechanical reason.s, 
hence the speed at tlie centre 
of the buckets does not e.xceed 
in practice 1380 feet per 
second, giving a velocity of 
wheel riiu of about 16 Jiiiles 
per minute. 

The reaction turbine.— The 
reaction turbine may be de- 
scribed as a number of rotating 
bladed wheels arranged to cut 
at right angles a diverging 
nozzle through which steam is 
flowing and undergoing ex- 
pansion (Fig. 291). The blades of the wheel pass tlirougli the 
nozzle ; fixed blades in the nozzle between each pair of rows of 
moving blades direct the steam properly. The idea is to limit 
the drop in pressure in any one stage, consisting of one set of 
fixed and one set of moving blades, and thus to limit the velocity 
,of the steam whicli has to be received by any one set of i-otating 
blades. The speed of the wliole machine may thus be made quite 
moderate compared with the enormous velocities attained in the 
single stage turbine. It will, of course, be undei-stood that the 
nozzle in practice is carried right iwmd the turbine casing so as to 
embrace the whole of the moving blades simultaneously (Fig. 282). 

In Fig. 292, A is a single guide plate recemng steam with a 
velocity Expansion as the steam passes the guide blade causes 



Fig. 201.— Diajrmninmtic rcjircsciitatii'U 
of roiictiuii sUaiii turbine. 
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this to increase to v,, while the direction is changed from that ot 
Vq to ab. The moving blade B receives the steam at a. To obtain 
the entrance angle of the blade, proceed as before, V being the 
velocity of the moving b’ade and iv the velocity of the entering 
steam relative to the blade. Tiie blade at a will be tangential to 
ad. In passing over the moving blade from a to e the steam will 
expand further, causing v, to increase to r* at the leaving edge e. 
The absolute velocity v., of the leaving steam is found by 
compounding with I' 



Sources of waste in turbines.— Professor Bateau separates the 
sources of loss in turbines as follows :* 

1. Internal losses, due to the friction and eddjnng of the steam 
passing over the fi.xed and monng blades. 

2. External losses, due to (a) leakage of steam past the clearance 
spaces ; (6) the friction of the revolving wlieels upon the surround- 
ing steam ; (c) the friction of the bearings. 

For a turbine of his own t^’pe (multicellular), of 1500 
having a speed of 1500 revolutions per minute, he find.s waste 
due to internal losses amounting to 31 per cent. ; due to leakage 


^Proc. Inst. Meek. Eng., June, 1904. 
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and beaiing friction 1-5 per cent. ; due U) friction of the wlicel« 
upon the steam 2'5 per cent, making a total external loss of 
4 per cent. The net efficiency will then bo 

Efficiency = 0-69 x 096 = OGC 

= 66 per cent 

This result may be used for calculating the steam consumption of 
this turbine under given conditions of pressure and .supei hesit 
It should be noted that the complicsited action of cylinder walls 
in producing initial condensation and re-evaporation, as in the 
reciprocating engine, is entirely absent in turbines. Wlien the 
turbine has settled down to its work, the temperature of vanes, 
casing, etc., at any given point in the machine remain practiadlv 
steady. A further advantage lies in tlie absence of reciprocating 
pans, which enables practically perfect Imlance to be obtained. 


EXERCISES ON CHAPTER XVII. 


1. Distinguish clearly between impulse and reaction .steam turbines. 

2. Explain the action of the de Laval turbine. Make a sketch 
showing the wheel and one of the nozzles. Why is it necessary to use 
a liigh velocity of rotation in this type ? 

3. Sketch and describe the nozzles, fixed blades and revolvicc 

wheels of a four stage Curtis turbine. ^ 

1 Explain clearly the reasons for the speed of the Curtis turbine 
turbmeT’^* lower than that of the dc Laval, both l)oing impulse 


6. Sketch and describe the fi.xcd blades and revolving wheels of a 
Parsons turbine. 


6. Sliow clearly by sketches and describe the method of fixing tlie 
Wades m any steam turbine. What precautions have to be taken ? 

7. Explain and give sketches showing the construction of any steam 
turbine governor. 


8. Explain how end thrust is guarded against in any steam turbine. 

in a expansion can be used economically 

m a steam turbine than in a reciprocating engine. 

tlirough a diverging 


noSe approximately correct of the 

Ktifi? ^ ^ the conditions to 
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12. Answer question 11 for a reaction turliitie. 

13. Give a brief summary of the sources of wasted energy in steam 
turbines. 




CHAPTER XVIIL 

ENGINE AND BOILER TRIALS. 


Experimental steam plant,— The nature and scope of tlie 

experiniental work which the student will perform will, of course, 

depend largely on the equipment as regards engines and boilers 

which is available. The following general description of the plant 

at the West Ham Technical Institute may be of interest. Some 

of the easier experimental work which can be carried out by 

students in the elementary classes is included, and will be helpful 

to the student no matter wliat may be the equipment of Iiis own 

laboratory. It may be noted liere tliat each experiment on an 

engine or boiler should form one of a series in wliich the conditions 

of running are being modified for each experiment No single 

student would probably be assisting in the wliole of any given 

series, but if the experimental results up to date are made available 

to him, he is likely to take a more intelligent interest in that part 

at which he is working. Isolated ex|>eriments are of little value 

and are apt to degenerate into mere plaving about with costly 
machinerv. ' 


Experimental steam engines.— To gain any definite informa- 
lon regarding the working of a steam engine, the engine should 
be so designed that the conditions may he altered, one at a time, 
ibis m^ns that an engine specially constructed for experimental 
work should, if possible, be available. 

bJ ^ engines, constructed 

dl?'" and conpled cmnk Shafts, 

tonnected by drawing the coupling bolts and taking out a loose 
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Fio. 293. — Front juiti end elevations of tho experimental steam cngine^> at the West Liam Technical Institute. 
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Fio. 294.— Plan of the cxperimcnUl steam engines at the West Ham 

Technical Institute. 


plate fitted between the faces of the coupling. The crank sliafts 
will then run independently without the couplings touching one 
another. Tlie crank shafts may be coupled so tliat the cranks are 
together, or at 90°, 180°, or 270°. 


Both engines are alike in all respects excepting their cylinders. 
In Figs. 293 and 294, A is a cylinder 6" in diameter x 8" stroke ; li 
is a cylinder 10" in diameter x 8" stroke. A is jacketed, 1) is un- 
jacketed. 

Steam is brought to the engine through a steam pipe C, a 
separator being placed in the pipe just above the engine. Tho 
pipe C divide.^ right and left, leading to stop valves D and 
by means ot which steam may be turned on to either evlinder.’ 
Centrifugal governors /’and G control the speed. 

Cylinder details.— The 6" cylinder is shown in detail in Fig 295 
S^ra enters the steam chest through the passage and is 
distributed to the cylinder by a Meyer’s valve gear. Tlie cut-off 
may be set to occur at any point between 0-25 and OB stroke bv 
routing the hand wheel B. This wheel is capable of roUtion but 
not of axial movement, being restrained by collars on each side of 
the bracket C, and, when rotated, produces a similar movement in 
the valve spmdie V. To enable this to take place, a feather is 
seemed to the wheel and works in a key way in the valve spindle 

D.S. 2 
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as the latter reciprocates. Tlie valve spiudle has right and left 
handed scpiare screws cut on it to receive the gun-metal nuts E, 
which operate the expansion valves. To show the point of cut-off 



Fio. Details of the 0" cylinder for the experimental steam engine. 


for any setting of the expansion valves, a pointer F is attached to 
a screwed collar 6-', which fits a screwed extension of the boss of 
the hand wheel. The collar is held from rotation, and conse- 
(juentlv gives axial movement to the pointer when the hand wheel 
is rotated. The eccentric driving the expansion valve is set at 
180* to the crank. 
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The main valve H lias jKtrts through it, as already de.scribcd 
(p. 122), This valve is set |)ermane3itly to cut off at 0’8 .stroke, 
thus determining the latest possible cut-off of the gear. 

The cylinder is fitted with a liner A', foiced home and held in 
place by the top cylinder cover. The sjiace between the liner and 
the barrel L forms the steam jacket. In larger cylinilers, tlie 
covers may be jacketed also, but troublesome construction would 
be introduced in carrying this out in the small cylinder under 
considei-ation. There is a ridge M at the bottom of the jacket, 
forming two guttei-s iiinniiig i-iglit round. The inner gutter is 
drained through N and the outer through I\ It i.s thu.s }jos.sible 
to sepai-ate the water of condensation coming from the outer wall 
of the liner from that coming from the inner wall of the barrel. 
The cylinder is lagged with non-conducting material held in place 
by steel sheeting Indicator cocks are atUched at A, and drain 
cocks and relief valves at .b' During e.\liaust the steam is dis- 
charged through T, either to the condenser or to the 10" cylinder 
as mav be desired. 

The 10" cylinder is identical with the 6" cylinder excejiting that 
it has no liner. The barrel L forms the cylinder walls. 

Furtier details.— Referi ing again to Fig. 293, it will be noticed 
that each engine is balanced by means of heavy inas.ses, //, uttaclied 
to the cmnks on the side opjwsite the ciank pins. Rope brake;: for 
ascertaining the b.u.p. are passed round the flywheels A', K ; the 
nms of these wheels are channelled to receive cooling water 
(p. 105). The engine is secui-ed to its concrete foundations by 
means of ragged bolts, one of whicli is indicated at L 

The exhaust pipe arrangement is shown in the plan and end 
elevation. Tlie exhaust steam from the 6" cylinder .1 entera the 
pipe ^1/aud may be directed into a receiver iV, and so tlirough a 
valve P into the 10" cylinder steam chest. Otherwise the steam 
may be directed through a valve Q into a pipe R leading to the con- 
denser. In compound working, the valve P is open and Q is closed ; 
steam then flows from A through the receiver and 10" cylinder, and 
is exhausted to the condenser from this cylinder through S and R. 

If the 6" engine alone is running, the valve P is closed and Q 

opened, when the exhaust steam will enter the condenser 

through the pipes M and R The 10" engine can be run alone by 
closing both P and ^ 
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condensing arrangements.-A diagram of the condensing ariange- 
ments is shown in Fig. 296. A is a surface condenser into which 
the exliaust steam is led through the pipe S. An air pump C 
draws air and water from the condenser tlirough the pipe J). The 
air pump is independently diiven by a steam cylinder, and dis- 
charges the water through a pipe E into a measuring tank F, the 
tempeiature being measured by a thermometer at (J. Circulatincr 
water is supplied to the condenser through a pipe ff fitted with a 
I'egulating valve, and is discharged through the pipe A' into a long 



box L fitted with a V gauge notcli at M. Tlie head of water over 
this notch is measured by a hook gauge at A, and from this the 
quantity of water used per minute may be calculated. The box 
L is fitted with batiie plates so as to steady the flow of water. 
Thermometers are fitted at T’j and T.. for measuring the inlet and 
outlet temperatures respectively. 

A valve P on the top of the condenser enables the vacuum to be 
spoiled and the condenser worked at atmospheric pressure. The 
engine can thus be an-anged to work against a back pressure a 
little in excess of that of the atmosphere, and the steam used can be 
measured by condensing it in the condenser. A thermometer cup 
at Q enables the temperature of the condenser to be obtained 
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The pipe R leads to a vacuum gauge ; another pipe connects S to a 
mercury column used for testing vacuum gauges, the gauges being 
mounted at U and their readings compared with those of the 
mercury column. Steam may be blown into the condenser from 
the main steam pipe, through a pipe connected to V. 

The engine driving the air pump is also fitted with a simple pipe 
form of surface condenser in order that the steam used in driving 
the air pump may be measured. This condenser works at 
atmospheric pressure. 

The principal dimensions of the machinery are given in tlie 
foDowing table. For convenience the 6" and 10" cylindeis ai-e 
described respectively hy n.p. and l.i*. 

Dimensions of Experimental Engintis. 


Diameter of cylinders, - 

Stroke, 

Diameter of piston rods, 
Travel of main valves, - 
Travel of expansion valves, • 
Diameter of flywheel, - 
Number of tubes in condenser, 
External diameter of tul>es, • 
Length between tube plates, • 
Total cooling surface, - 
Diameter of air pump, • 
Stroke of air pump, 

Capacity of receiver, 


n.p. 


L.P. 

6" 


10" 

8" 


8" 

ir 


12" 

2" 


2" 

2.>" 


0 r> '» 

-nr 

3' 0" 

m 

3' 0" 


a" 



4 



3' G" 



79 sq. feet. 


5" 

630 cubic inches. 


B.H.p. constants : 

Circumference of wheel at rope centre, - 9-55 feet. 

B.n.r=0‘000289 x net pull x revs, per min. 


i.H.p. constants : 


I.H.P. =p„xiP'x 


□.r. 

i 

L.P. j 

Top. 

Bottom. 

Top. 

Bottom. 

1 

0-000575 

0-00054 

000158 

1 

0-00155 ! 

1 1 


r^r^otiZ^ \ r student should first have some 

practice m taking indicator diagrams and working them out ; also 
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in adjusting and reading the brake loads and in measuring the 
speed bv reading the revolution counter (p. 104). A test may then 
be canied out for ascertaining the meclianical efficiency of the 
engine under given conditions. 

E.xi’T. 32. — The melliod consists in measuring the i.n.p. and b.h.p. 
of the engine during a run of from | to 1 hour in duration. Readings 
should he taken every 5 minutes of the pressure of the steam supply, 
the revolution counter and tlie brake loads, and diagrams should be 
taken every 5 minutes. Tlie method of recording tlie measurements 
and working put the results will be understood from the following 
record of a test. The student should record his own results on the 
same ]>lan. 

Trial of Steam Engine at West Ham Technical Institctk. 

l>ate, 17th July, 1903. 

Engine tested, .... 6" x 8” single cylinder. 

Conditions of running, • • non-condensing, nnjaeketed. 

Intended steam pressure by gauge, • 50 lbs. per sq. inch. 

Intended revolutions per minute, - 270. 

Cut-ofFas a fraction of stroke, top,- 0'2. 

., ,, ,, bottom, 0'28 

Object of test, • - to determine the mechanical efficiency 

under the given conditions. 


Loo OF Trial 1, Series C. 
17M Juhj^ 19(i3. 


Time. 

A.M. 

No. of 
indicator 
diugrum. 

Pressure of 
steam 
by gauge. 

lbs. per sq. in. 

Rov. 

counter. 

Revs. 

per 

min. 

Drake loads. 

5 lbs. 

1 

ir lbs. 

10.4.5 

1 . 

50 

9070 


16 

61 

10..j0 


50 

10427 


16 

61 

10.55 

! 

50 

11774 


16 

61 

11.0 

1 4 

1 

50 

131.33 

• 4 it 

979 

16 

61 

11.5 

1 

5 

50 

1449.3 

Li L 

971 

16 , 

61 

11.10 

6 

50 

15840 

Li 1 

270 

16 

61 

11.15 

7 

50 

17197 

979 1 

16 

61 

11.20 

1 

8 

50 

18559 

LiL f 

971 

16 

61 

1 11.25 

9 

50 

19916 

* f 1 

971 

16 

61 

11.30 

10 

50 

21273 


16 

61 


Duration of trial, 45 minutes. 
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Trial I.SeRiEsC, 

' /^?6 



Fio. Indicator diagram from Uic C'' cylinder of tlio experimental 
atcam engines at the West Hum Technical Institute. 


Results of the Trial. 


Average steam presisure by gaugc=50 lira, per sq. inch. 
Average net brake load= ir-.‘?=4.5 lbs. 
Average revs, per min. =271. 

From the diagrams, (top) = 16‘8 lbs. per sq. inch. 

7>m (botlom) = l6‘8 lbs. persq. inch, 
i.n.r. (top) =2 62. 
i.ii.p. (bottom) =2-'16. 

Total i.ii.r.=5 08. 
n.n.r. =3-53. 


Mechanical efficiency = 


3-53 

5-08 


=0'695. 


=69'5 per cent. 


Expt. 33.— Using the .same method, determine the mechanical 
efficiency of the 10" x 8" engine. 


Exit. 34. —The engine being arrangctl to run coupled compound, 
wth a brake on each flj^vheel, determine the i.ii.p., ii.h.p. and 
mechanical efficiency. 

The records may be conveniently made by following the procedure of 
the preceding trial. 


Condenser trials — Having become familiar with the management 
of the indicator and brake, one section of the students may run 

a trial on the condenser while the others are testing the steam 
engines for i.h.p. and b.h.p. 
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/.Expt. 35.— The measurements to be taken are : 

(«) The quantity of steam used by tlie engine during tlio trial. This 
is obtained iJy noting the quantity of u-ater discliarged by the air pump 
into the measuring tank, readings being taken every 5 minutes. If 
the engine is running at very low power, the small quantity of dis- 
charged water of condensation is conveniently and accurately measured 
by catching it in buckets and noting the weight and the time each 
bucket is removed. 

{!>) Tl\e temperature of the water discharged from the air pump i 
obtained from 5 minute readings of tlie thermometer inserted in the 
discharge pipe. 

(c) Ihe temperature of the condenser, obtained every 5 minutes from 
the tliermometer in the top of the condenser. 

((/) The pressure in the condenser by vacuum gauge, and the baro- 
metric reading. Read the gauge every 5 minutes and the barometer at 
the l)eginning and the end of trial. 

(«) The quantity of circulating u-ater used per hour. Take readings 
of the hook gauge to give the head of water in the water channel every 
5 minutes and average them. Then, for a right-angled V notch, 

Q=2-mr,(h)l 

Where (?=cubic feet flowing per second, 

A=head of water over notch in feet. 

(/) The inlet and outlet temperatures of the circulating water ; 
ol)taincd by reading the thermometers in tljc inlet and discharge pipes 
everv 5 minutes. 

Tliesc may be conveniently recorded tluis : 


Trial of Steam Engine at ... 

Condenser Log. 


Dale 


Time. 

» 

> 

♦ 

2 - 

V* • 

3 S 
. V 

C ^ 

V 0 

cl 

fl 

Is 

•• • 

S © 

3 ^ 

0 r 

^ & 

u 

1 

m 

c 

u 

^ eS ^ 

* ^ M 

Circulutin; 

WHlor 

temperatures. 



[ 

1 1 

1 

1 ! 

lbs. 

K orC. 

F.orC. 

1 

Inches of 
mercury. 

lnchc2j of 
mercury. 

Cub. ft. 

F.orC. 

F. or C. 

! 
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Results. 

(1) Duration of trial, 

(2) Total i.H.p. of engine, • - - - 

(3) Total B.ir.r. of engine, .... 

{41 Quantitj’ of steam condensed during trial, lUs., 
{5) ,, „ „ per hour, lbs., 

(6) Steam used per i.ii.p. per hour, lbs. = |ij, - 


(7) 






,> B.H.P. 




n>S.=:^4-^.. 

(3)’ 


(8) Average temperature of hot well (F. or C.), 

(9) Average temperature of condenser (F. or C.), 

(10) Average absolute pressure in condenser, lbs. per 

sq. inch, 

{11) Circulating water per hour, lbs., • 

(12) Average inlet temp, of circulating water (F. or C. ), 

(13) ,, outlet „ „ ,, (F.orC.) 

(14) Circulating water per hour per - 

(15) Cooling surface of condenser, square feet, • • 

(16) Steam condensed per hour per sq. foot of cooling 

surface, lbs. = i^, 

(15) 

(IT) Circulating water per hour per sq. foot of cooling 

surface, lbs. =liD 

(15)’ 


Additional calculations on the condenser. — The following calcula- 
tions are of great iiuportanoe and should be worked airefullv by 
the student. 

(u) Calculate the heat giTen up in the condenser hy the exhaust 
steam, stating the result in b.t.u. jxjr hour. Fii'st find fi'om the 
Tables, p. 454, the total heat of a pound of steam at the absolute 
pressure and temperature cf the condenser given by (10) and (9) 
above. The sensible heat carried away in the condensed water 

passing through the air pump may be calculated from result (8) 
above. Thus, 

Let total heat in b.t.u. of exhaust steam, 

^=temp. F. of hot well. 

riien, sensible heat carried away per lb. water =/* — 32 ; 

heat given up in condenser per lb. water=^ -(/*-. 32) 

= ^-^ + 32, B.T.D. 
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It will be noted that it is assumed that the exhaust steam 
entering the condenser is dry .satuiated. 

From result (5) above the total heat given up per hour may be 
calculated. 

Let ir,=steam condensed per hour, lbs. 

Then, 

Heat given up in condenser per hour=(/7 - /a + 32) n’.n.T.u. 

(b) Calculate the heat token up by the circulating water passing 
through the condenser, stating the result in b.t.u. per hour. Using 
results 11, 12 and 13 above, 

Let, ir, = circulating water per hour, lbs., 

?i = inlet temperature, F., 

? 2 =outlet temperature, F. 

Tlien, 


Heat taken up per hour by circulating water= b t-u. 

Supposing no heat to be wasted in the condenser, the result of 
calculation (a) .should be ecjual to that of calculation (/>). If not, 
try to explain the discrepancy. 

{(•) During the trial the engine was supplied witli H', lb.s. weight 
of steam per ho\ir at a pressure ju, shown by the gauge attached to 
the steam supply |)ipu. The total heat in one pound weiglit of this 
.steam may be obtained from the Table, )). 454. Let 1/ be this 
quantity in b.t.p. 

Heat has been carried away through the air pump by each 
pound weight of water to the extent of 

(^-32), B.T.U. 

Therefore each pound weight of steam pas.sing through the 
engine has parted with heat given by 

//-(^-32), B.T.U. ; 

Total heat parted with per liour by the steam 

= ir.{//-(^-32)[, B.T.U (O 

This heat represents the energy available for the production of 
mechanical work. To obtain the actual amount of the latter for 
the calculated expenditure of heat : 


Work done on the piston permin. = i.H.p.x 33,000, 

,, „ „ „ hour=i.H.p. x33, 000x60 ft.-lbs. 

i.n.p. X 33,000 X 60 
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To obtain the efficiency of tbe macbine an a heat engine, divide tlie 
work done on the piston per hour by the heat parted with per 
hour by the steam, both in b.t.u., giving : 


Efficiency = 


i.ii.p.x 33,000x60 


Willans’s law.— The late Mr. Willans made many series of 
experiments on his high*speed engines with very valuable results. 


LBS. 



Fio. 29S.— Diagram illustrating Willaos's stiaight-llue law. 

Among other principles deduced from these results is the law that 
in a given engine with constant cnt-off, but H.P. varied by varying the 
steam presBure, the curve produced by plotting total steam consump- 
tion per hour against I.H.P. or B.H.P. will be a straight line. The 
curve shown in Fig. 298 has been plotted from data obtained from 
tests under these conditions, giving the straight line XP. 

The law may be expressed algebraically. Notice that the steam 
consumption, for a given i.h.p. represented by OJ/is given by 
PM, and that PM is made up of two quantities, MK and PK. PK 
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in a constant latio, a, to the i.n.p., while J/A’is constant for all 
powers and is equal to O.V. We may therefore write : 

PA’=ax I.n.p., 

J/A'=ax6, 

Q=PM=PK+MK, 

$=axi.H,p + ax6 

= a(l.il.p.+f*). 

In this a will be the steam consumption per i.h.p. over and above 
a certain constant quantity which the engine cylinder consumes 
at all powers without tlie production of work, represented by the 
product of the constants a and h in the above results. 

The law for B.n.p. and the total steam consumption per hour, 
may be written in a similar manner, giving 

$=c{B.H.P.+rf), 


/ 


in \\hicli c is the constant steam consumption per hour per R.n.p. 
over and above a certain constant quantity cef, which is expended at 
all powers in driving the engine itself. 

The Willans’s curve obtained by plotting hoise-power and total 
steam consumption per hour under the conditions of uniform 
pre.ssure of steam supply and varied ratio of expansion is not a 
straight line but a curve which tends to become steeper at higjier 
powers. 

Tests on steam boilers, — In simple tests of steam boilers for 
efficiency, the following measurements are taken. 

{a) Weight of coal supplied per hour. This is obtained by 
supplying a measured quantity, usually 50 lbs., to the stoker, 
recording time and quantity, and supplying a further equal 
quantity when the first has been used, again noting the time. 
This procedure carried out throughout will enable the rate of 
combustion to be ascertained at any part of the trial. 

{h) The total feed water supplied and evaporated during the 
trial. In carrying out a boiler trial it is very necessary to pre- 
serve the conditions of working as uniform as possible. To 
enable this to be done, the rate of drawing .steam away from the 
boiler should be kept uniform by running the engines or other 
plant at a steady load. The feed should also be supplied uniformly, 
which may be accomplished by regulating the supply so as to 
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preserve a constant water level in the boiler. To facilitate this, a 
piece of fine cord should be tied round the water-gauge gla.s8 at 
the water level when starting the trial. The feed water is beat 
measured by means of tanks. In Fig. 299, /t is the main feed 
supply tank, furnished with a cock /? for supplying water to a 
measuring tank C. A scale graduated in lbs. of water is placed 
in C. When measured, the water is discharged through a cock I) 
into a supply tank E from which the feed pump draws its .supply 
of water through the pipe 
F, The tank F has a 
pointer (? fixed in it so 
that the water may be 
brought to a standard 
level. 

At the beginning of 
the trial, the water in the 
boiler is at the level of 
the cord on the gauge 
glass, and ■^'ater is run 
into E up to the standard 
level. During the trial, 
water is supplied to E 
from the measuring tank 
in uniform quantities by filling 0- up to say 80 Ib.s., then closing 
cock B and opening D, the time of opening the latter and also the 
quantity being recorded. At the end of the trial, the water in 
the boiler and also in E are brought to the same standard levels, 
consequently all water which has been measured in the tank C 
has been passed by the feed pump into the boiler. Note that if an 
injector is used for feeding the boiler, any overflow from the injector 
should be weighed and deducted from the total water measured. 

The following should be recorded every 10 minutes : 

(c) Steam pressure by gauge. This should be kept steady, the 
Stoker being made responsible. 

(d) Temperature of feed water supplied ; measured by a ther- 
mometer in the tank E (Fig. 299). 

(e) Temperature inside the boiler house. 

(/) Temperature outside the boiler house. 



Flo. 209.— Arrangement of for meafluring 
tbc feed water. 
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Starirting and finishing a trial, — To obtain definite infonnation 
regarding the performance of a given boiler, the test must be 
extended over from 6 to 10 hom-s. This is rendered necessary by 
the uncertainty of the furnace conditions at the start and finish of 
the trial. In some important trials, the plan is adopted of 
shutting down the stop valve of the boiler just before starting and 
cleaning fires and ashpits. A measured quantity of coal is then 
allowed the stoker in order to start his fire, on completion of which 
the test is started. Otherwise, the state of the fire at the beginning 
and end of the test may be roughly guessed to be alike. In either 
case, the aslipit ought to be cleaned before starting, in order that 
its contents may be weighed at tlie end of the trial in order to 
determine the approximate quantity of ash in the coal burned. 
'I he uncertainty of the state of the furnaces at the start and finish 
introduces an error in tlie estimated coal consumption which will 
be of small percentage provided the trial lias been of sufficient 
dui-ation. 

Graphical log. — The conditions throughout the trial, as lias been 
stated, should be preserved as nearly uniform as possible. A 
useful way of checking these consists in plotting the whole of the 
observations and time on the same sheet, using difi'erent colours 
for the various sets of measurements. A glance at the resulting 
diagram will give the desired information regarding the uniformity 
of the conditions. Tlius, the coal supply and also the water 
supply will be represented by sloping lines which should be nearly 
straight, the plotting of these being effected by taking the total 
quantities supplied up to the time which is being plotted. The 
boiler pressure line should be nearly straight and horizontal. 
The variation of other conditions, such as temperatures, over 
which there is little or no control, will be shown in the diagram. 

Example of a trial — To illustrate the method of recording and 
working out tlie results, the following example is included. Students 
should adopt a similar method in recording their own results. 

Trial of a Babcock & Wilcox Water-Tubk Boiler 
AT West Ham Techsical Institute. 

Date , loTH June, 1906. 

The object of the trial wa.s to determine the quantity of water 
evaporated per pound of coal while supplying steam to the experi* 
mental engines. 
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Log of Trial. 


Pressures. 


Temperatures. 


Time. 


DoUcr 

gRuge. 


ChiiM* 


6iiro« 

meter. 



lbs. per iiicLcs ems. 
sq. in. water, mercury. | 

84 5 76-3 I 

80 „ 

82 .. ' 


7627 


76-26 


re -22 



55 

55 
57 

56 

56 

57 

58 

58 

59 
58 

58 

59 

59 

60 
60 
59 
57 
56^ 
57i 
575 
56 

56 

57 
57 
56 
565 
56 


Inside 

tlHUSC. 


18 

18 

18 

18 

18 

185 

18 

19 

19 

19 

19 

19 

19 

19 

19 

19 

20 
20 
20 
21 
20 
195 
20 
20 
20 
195 
195 
20 
20 
20 
195 


Feed 

supply, 

tank. 


17- 8 

18- 0 
18-0 
18-0 
18-0 
18-0 
18-0 
18-0 
18-0 
18-0 
18-0 
18-0 
18-0 
17-6* 
17-7 
17-0 
17-0 
16-8 
17-0 
17-0 
17-0 
17-0 
17-1 
17-2 
17*3 
17-2 
17-4 
17-4 
17-4 
17-4 
17-4 
17-5 


76-26 


19’C.= 175“C.= 
57“ F. 66“ F. 635“ F. 


Remarks. 



Stoker A. 
Started 
with clean 
as)ipi^<;. 


Stoker B. 


“Ball valve 
opened, 
admitting 
fresli cold 
supply to 
tank. 
Stoker A 
to end. 


Contentaof 
ashpit — 
155 at 
end. 
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Fuel Supply. 

Feed Water. 

1 

Remarks. 

Time. 

Lbs. supplied. 

Time. 

Lbs. supplied. 

11.41 .\.M. 

100 

11. .33 

320 


12.44 r.M. 

100 

11.58 

320 


1.38 

50 

12.14 

320 


2.4 

r»o 

12.29 

320 


2.40 

50 

1.5 

320 


3.20 

50 

1..36 

3-20 


3.46 

50 

1.50 

320 


4.25 

50 

2.14 

3-20 




2.30 

320 




2.53 

320 




3.14 

320 




3.39 

320 

9 lbs. coal returned 



4.10 

320 

unused at end. 



4.37 

320 




5.0 

480 


1 Totals. 

1 

491 


4960 



Tlic water was fed to the hoilor by means of an injector. Tlie 
temperature of the water in the injector delivery pipe varied from 
13.3’ to 135’ F. ; the average temperature of the feed delivered is taken 
as 134° F. 


5h liours. 

4960 lbs. 

491 lbs. 

VsV = 10-1 lbs. 


Rks('lts. 

Duration of trial, .... 

Total feed water evaporated, 

Total coal burned, .... 

Feed water evaporated per IK of coal. 

Total heat of steam at 80 lbs. per sq. inch gauge, 1177 b.t.c. 

Sensible heat in 1 lb. of feed water as delivered, (134 - 32) = 102 b.t.f. 
Heat given in boiler to each pound of feed 

^vater, (1177-102) = 1075 B.T.tr. 

Equivalent evaporation = lO'I x = 11'22 lbs. water from and at 
212° F. per ll>. of coal. 

Percentage ash x 100=3'2. 
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Dryness of steam.— Steam irom a boiler working without a 
superheater always contains some moistiiie. Usually it is found 
that, in every 100 lbs. of mixture which Ijave just jxissed from the 
boiler into the steam pipe, there are from 2 to 5 lbs. of water, b(jth 
steam and moisture being at the same temperature. This fact i.s 
important in its bearing on the heat imparted to the water in the 
boiler. Thus, the steam in the mixture has taken up both latent 
and sensible heat, wliile the water has taken up sensible heat only. 

Supposing that in 1 lb. of the mixture theie are q lb. of steam 
and (I -j) lb. of water ; q is called the dryness fmetion. 


Let Z = the latent heat and /< = the sensible heat of dry saturated 
steam at boiler pressui-e. Then in each pound of the mixtur e there 
will be tat giv™ by ; Hcat=,£+/l. 


This latter amount is the quantity of heat which should be used 
in the calculation for tlie equivalent evaporation instead of the 
total heat of dry saturated steam. 

Testing for the dryness of steam. — There are two metliod.s for 
determining the dryness fraction of steam. In the first a separating 
calorimeter is used ; in the second, a tlirottling calorimeter. Tire 
M'Innes instrument combines these methods, and either instru- 
ment may be used alone or both in series. 

Steam is dniwn from the steam pipe A, Fig. 300, through a 
sampling tube perforated witlr slots, and after passing through 
a regulating valve B enters the separating caloi’iineter D. Here 
the greater part of the water clings to the walls, trickles to the 
bottom, and, when enough has collected as shown by the gauge 
glass C, it is drawn off through the valve E to be weighed. The 
nearly dry steam escapes through a side pipe near tlie top of D 
into the thi-ottUng calorimeter. Here it is discharged through a 
small orifice in a plate ff, which is heat-insulated by vulcanite 
joints (?, G. Thermometer pockets are provided at F and F' in 
Ollier that the temperature of the steanr, before and after passing 
the orifice, may be measured. The steam is led finally through a 
coil (not shown) immersed in a vessel of cold water so that it may 
be condensed ; the resulting water is carefully weighed. 

The action in the throttling calorimeter depends on the facts 
that practically no work is done by the steam in passing the orifice, 
although its pressure falls to nearly atmospheric, and also that the 
n.8. 2 a 
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total heat of dry saturated steam at the higher pressure before 
tlie orifice is greater than that of dry satui-ated steam at the lower 
pressure of discliarge. As practically no work has been done, it 
follows that tlie steam after passing the orifice will, if not at fii-st 
too wet, have heat in excess of that required for dry satui-ated 
steam at the lower pressure, and consequently will become super- 



Fio. 300.— M'Inncs combined separating and throttling 8tesi^|^lorimcter. 

heated. These pi-inciples enable the dryness fraction to be calcu- 
lated from tlie measurements taken. 

The throttling calorimeter may be disconnected, and the 
separator connected direct to the cooling coil and used alone ; or 
the throttling calorimeter may be connected direct to the valve B 

and used alone. 

Expt. 36.— To carry out a test with the separating calorimeter, 
wliicli is used for very wet steam only, allow the steam to blow 
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through for a few minutes in oj-der to warm the inslrumcnt. Then let 
the test go on until sufficient water has collected to l>e (Irawn off 
through E, at the satne time allowing the water from the condensing 
coil to discltargc into a vessel. 

Let !!»= weight of water, in lbs., drawn ofl' through K, 

ir,=weight of water, in lbs., jwssed tlirongli the coil. 

Then 

ir«,+ )l',=total weight of sample drawn from .d, 
and ir,=weight of steam in the sample ; 

dryness fraction = -yp-^^,,,. 


E.vpt. 38.— To carry out a test with the thi-ottling calorimeter alone, 
the condensing coil is not required, the steam being allowed to 
discharge freely. Let the steam discharge fieely tlirough llie in.strii- 
ment for 10 minutes so as to warm it thoroughly atul to allow 
the conditions to settle down. Then rea<l the temperatures shown 
by the thermometers in F and 


Let <=temperatnre Fah. at F, 

<'=tempcraluic Fall, at F'. 

From the Table, p. 454, 6 ik1 

/-=latent heat of steam at temperature f°Fah. ; 
/t=sensil)le heat of steam at temperature t° Fah. 

Let <7= the dryness fraction. 

Then 

Heat per lb. of stuff Iwfore reaebing the orificc=gL4/i (1) 

The pressure after passing the orifice may be taken as 16 llis. per 
squarejnch absolute, corresponding to a temperature of 216-3’ Fah. 
The total heat of saturated steam at this temperature will be 

i/3=1147'9 B.T.r. 

If the s^m has been superheated, it will be found that t' is higher 
than 21GT Fah., the degree of superheat M-ill be (/'- 216-3). 

Assuming that the specific heat of steam is 0-48 and is constant,' 

Heat used m superheating 1 lb. of the steam=0-48(^' -216-3) n.x.r., 

Total heat in 1 lb. of steam after passing the orifice 

= 1147-9+0-48(t'-216'3) b.t.c (Oi 


fP- ’'alue is assumed in 
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As practically no heat is lost, it follows that (1) and (2) will be equal, 
giving 

qL + A = 1147-9+0-48(/'-216-3) 

ll47-9 + 0-48(^'-216-3)-A 


from which the dryness fraction may be calculated. 

If the instruments are used in series, as shown in Fig. 300, 
the condensing coil must be used, and the experiments carried out 
simultaneously on each instrument as above directed. The total 
moisture will be the sum of the results obtained from each 
instnnnent. 


Exami’LE. In an experiment with the instruments in series, the 
following quantities were obtained : 

Separating calorimeter, ir,=21 lbs. 

ir„=0-37 lb. 

= 85 per cent. 

Moisture present 15 per cent 
Throttling calorimeter, ^=338*F. 

i'=250‘F. 

Z. = 876-3 B.T.u. 

A = 308'7 B.T.C. 

1147-9+0'48(250 - 216-3) -308*7 
870-3 

=0-976 


=97 -6 per cent. 

Moisture present 2*4 per cent 

Tliis represents the percentage moisture on the quantity reaciiing 
the throttling calorimeter, viz. 2-1 lbs. 

2'1 X 2-4 

Moisture detected in throttler= — — =0'05W lb. 

Total moisture present =0*37 + 0 0501 

=0-4204 lb. 

0*4204 

■ Percentage moisture=- 75 ^^ = 17^ 

Dryness fraction=82*98 per cent. 
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EXERCISES ON CHAPl’ER XVIII. 


1. A steam engine lias to be tested for meclianical efficiency. Stale 

what measurements must be taken. 

* 

2. Explain how the steam consumption of an engine running nnclcr 
given conditions may lie measured. Supposing tlic boiler to be 
supplying steam to this engine only and that the feed water i.s 
measured. How would the (juantity of feed water probably coiupaie 
with the quantity of steam actually passing ihroiigii the engine? 

3. Circulating u'ater at a tcmperatui-e of bVC. is supplied to a 
condenser and leaves with a temperature of fbV C. 950 lbs. weight of 

‘ dry steam at a pressure of 3 llis. per s((imr(r inch ahsoliite enter the 
condenser per hour. Hot well temperature 50° C. Find the prohable 
quantity of circulating water per hour. Take any quantities you 
require from the Table, p. 455. 


4. A steam engine uses 20 lbs. weight of steam per r.H.i’. jier hour. 
The steam enters the steam chest 5 jier cent, wet, and at a pressure of 
90 lbs. per square inch liy gauge. Calculale what quantity of heat in 
B.T.i'. is supplied per i.H.n. per hour. 

6. Explain Willans’s law connecting i.n.i*. and steam coiisuin|)lioii. 

6. What quantities must lie measured in testing a steam boiler for 
evaporative capacity ? What precautions must be taken ? 

7. Describe any experiment for testing the drynes.s of steam. (Jive 
sketches of apparatus used. 

8. Sketch and describe the construction of the air-pump of a con- 

densing engine. What is the use of the air-pump? If tlie temperature 
of the injection water supplied to a jet condenser be62°F., and the 
water is pumped out of the hot uell at a temperature of 100' F.. and 
the^steam to be condensed enters the condenser at a temperature of 
212 F., wh.at weiglit of injection water would lie required per pound of 
steam condensed ? i sofi 


9. At an Electric Light Station : on full power (or load factor 100 
percent.) the output is 6000 kilowatts, the feed water being 132,000 
, ■ hour, \yiien the output is 1200 (or load factor 20 per cent.), 
the fe^ water is 53,000 lbs. per hour. Plot power and water on 
squared paper and assume a straight line law. What is the water per 
hour when the load factor is 10 per cent? (that is, the output is 000 
kilowatts). Tabulate the numbers. State in each case the water per 
hour per kilowatt. lop!; 


10. The total heat, that is, the heat H required to convert a pound 
of water at 0° C. into a pound of wet steam at 0°C., having a drvncss 
fraction a: IS ff=6+zL 


where L is the latent heat of 1 lb. of drv saturated steam. If wet 
steam 90 per cent, dry (that is x=0-9) at ^3-3 lbs. per square inch is 
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throttled by passing through a non-conducting reducing valve to 
1015) lbs. per square inch, what is its dryness at the lower pressure ? 
Reniombev that H is the same for the two kinds of steam ; it keeps 
constant when steam is throttled. 


V 


L 

1 

203-3 

19.) 

168-0 

10! -9 1 

1 

1G5 

489-0 





CHAPTER XIX. 


GAS ENGINES. 

Internal combustion engines.— Engines in which the combus- 
tion of tlie fuel is carried out in the cylinder or in vessels in direct 
communication with the cylinder are called internal cotnliustion 
engines. The fuel employed may be solid, liquid or gaseous. The 
use of solid fuel, such as coal in the form of dust, is in the 
experimental stage at present, and there are gieat difficulties to be 
overcome before a practical engine can be put on the market. 
Engines using various kinds of gas and oil aie very largely used 
and are perfectly trustworthy. Almost all of these are o))erated 
under the Beau-de-Rochas cycle, laid down in 1862 ami lirst 
successfully used in the Otto silent gas engine in 1876. 

Beau-de-Rochas cycle. — ^This cycle is carried out on one side of 
the piston during four consecutive strokes as follows : 

1. Chai^g stroke. — During the firat ont-stroke of the piston, an 
explosive mixture of gtiseous fuel and air, or of oil which has been 
firet gasified and air, is drawn into the cylinder. 

2. Compression stooke.— Tliis is the in-stroke of the piston 
immediately following tlie charging stroke. During this stroke, 
the cylinder valves are all closed, and the explosive mixture, or 
charge, is compressed by the returning piston into the clearance 
space at the rear of the cylinder. 

3. Explosion and expansion stroke.— At the beginning of tliis 
stroke the charge is ignited. A very rapid increase of pressure 
occurs, due to the heat energy of the charge being liberated by the 
combustion, and the piston moves forward and completes its out- 
stroke under the influence of the pressure of the expanding 
products of combustion. 
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4. Exliaust stroke.— An exliaust valve is opened a little before the 
end of the expansion stroke is reached, and the products of 
combustion at once begin to rush out of the cylinder. During the 
succeeding in-stroke of the piston the waste gases are driven out of 
the cylinder, and, at the end of this stroke, the engine is ready to 
take in a fresh cliarge. 

Diagram showing the cycle. — Fig. 301, which has been drawn 
from an indicator diagram taken from a gas engine, will explain 
the Beau-de-Rochas cycle 



Fio. 30L^lndicator diagram showing the c^cle in a gaa engine. 

1 is the charging stroke, during which the pressure falls slightly 
below atmospheric. 

2 is tlie compression stroke, at the end of which the pressure 
will range from 50 to 200 lbs. per square inch above atniospheiic 
pi e-ssure, depending on the type of engine. 

3 i.s the explosion and expansion stroke. 

4 is the exhaust stroke. 

During the exhaust stroke tlie pressure usually rises slightly 
above that of the atmosphere. Tlie cliarging and e.xhaust stroke 
pi e.ssures may be shown conveniently by an indicator diagram in 
which a light spring has been used (Fig. 302). The indicator 
piston rod must have a stop fitted in oixier to prevent the spring 
being broken when explosion occurs. Compression pressures of 
170 to 200 lbs. per square inch, giving explosion pressures up to 
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350 lbs. per square inch are now being used in many large ga-s 
engines. 

General description of the engine.— The cvlindei- in wliicli tlic 
Beau-de-Eochas cycle is carried out is genemlly open at one end 
and only one side of the piston is used, i.e. the engine is single 
acting. The piston is connected direct to the crat>k by a cttii- 
necting rod. The various valves for admitting tlie cliargc, exhaust 
valve, etc., are of the mushroom type, held d(»wii on theii’ seat.s by 
springs, and operated by levers worked by cams on a side shaft 
driven from the crank .shaft. As tlie heat developed during the 
combustion is large and produces a very bigli tempei-atuie, mean.s 
must be taken for keeping tlie cylinder cool. Usually the cooling 
is effected by causing water to circulate in a water-jacket foi nied 
round the cylinder. Ignition of the charge may be effected by 



means of a hot tube, or by an electric spark. Governing of the 
speed of the engine is secured by cutting off or regulating the 
supply of fuel to the cylinder, the governor by which this is done 
being generally of the centrifugal tyjie. 

Crossley gas engine. — The engine described here was con* 
dtructed by Messrs. Crossley Bros, in 1898 for the Engineering 
Laboratory at the West Ham Technical Institute. The engine is 
of B.n.p., and is intended to have a working speed of 200 
revolutions per minute. Tlie general arrangement will be under- 
stood by reference to Figs. 303, 304 and 305. 

A is the cylinder, consisting of an outer casing and an inner 
liner, the space between serving as a water jacket, IF. Water is 
supplied to the jacket through an inlet pipe S entering at the 
under side of the cylinder, and is discharged from the top through 
the pipe T. The cylinder is open at the end facing the crank shaft 
and is fitted with a piston B, made long so as to serve as a guide. 
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Flu. 303. — SidQ elevation Of a 0} s.u.r. Crosaloy gaa engino. 



CROSSLEY GAS ENGINE 


579 



Fio. 304.~Scctionul plan i f p. n.r. Crosslcy gn^ engine. 
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and kept gas-tight by means of four spring rings fitted to grooves 
cut near tlie inner end of the piston. The connecting rod C is 
attached to the piston by means of a pin held in position by two 



set screws. The construction of the connecting rod will be under- 
stood by reference to Fig. 306. 

D is the crank-shaft, cut out of the solid and carrying a flywheel 
E and a belt pulley F. A balance weight is cast with the fly- 
wheel and is placed opposite the crank. G is the side shaft, driven 
from the crank shaft by screw wheels H. The side shaft makes 
one revolution for two of the crank shaft and carries at its left- 
hand end the various cams for operating the valves and a bevel 
wheel for rotating the centrifugal governor R. 

Gas is supplied to the engine through a pipe J. The air supply 
is taken from the interior of the soleplate through an air silencer 
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y. K is the ghs admission valve and Z is a valve through which 
the mixed gas and air pass into the cylinder. 0 is the hot tube 
ignition arrangement. The exhaust valve is at and the exhaust 



Pio. 300.— Crossicy gias eii^iic coniicctin^f rod. 

gases are dischai’ged to the atmosphere through a pi|)e X. is a 
handle used in starting the engine, and by its use, as will be 
explained, later ignition of the charge and lower compression are 
obtained. 1’^ is a lubricator supplying oil to the engine. 

The supplying of Uie charge. — This will be better underetood by 
reference to Fig, 307. The admission valves are contained in a 
casting bolted to the side of the cylinder, which also seiwes to 
support the governor and the lever for ojjerating the valves. Gas 
is led from the gas supply pipe along the passage A formed in the 
cylinder casting and enters the valve chamber. Here it will pass 
the gas admission valve D if open, and will enter a mixing chamber 
G. Air is brought from the air silencer through the passage F, 
foimed in the cylinder casting, and is mixed with the incoming gas 
in the chamber 0, The mixed charge finally enters the cylinder 
past the admission valve E. 

The valves are held to their seats by external springs, and are 
pushed open at the proper instants by a lever C which is operated 
by a cam D on the side shaft. A small roller mounted on the end 
of the lever bears on the edge of the cam. The admission valve E 
is pushed open every charging stroke, so that a supply of air is 
always taken in. The gas admission valve, however, may not be 
operated every charging stroke as it is under the control of the 
governor. The governor, which is of the dead-loaded pendulum 
type, will raise the lever H should the speed of the engine be too 
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liigli. Attached to // is a lianging rod A', guided at its lower end 
by a .‘ilot cut in the plate A, which works in a collar on the valve 
stem. To the end of the lever C is attached a thin steel plate if ; 



Fio. 807. -Admission and governing arrangements of the Crosslcy gas engine. 


the edge of the plate L which is nearer to iVhas a V notch cut in 
it Should the plate L be exactly opiwsite M when the lever C is 
opemted by the cam, the plate J/will push the valve stem by aid 
of the intervening plate A, the sharpened edge of M engaging with 
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the V notch in the edge of i, and thus the gas admission valve 
will be opened and the gas supply will be drawn into the cylinder. 
But should the governor, by reason of the engine speed being too 
high, have drawn the plate L above the level of the plate M 
will miss L when the lever is operated, and no ga.s will he supplied. 
In this latter case, no explosion will fcdlow and consequently the 
speed of tlie engine will be lowered. This method is cjilled 
governing by hit or miss; etigines worked on this system receive 
at each charging stroke a charge of full strength or of no strength, 
t.e. air alone. 

In addition to the conical dead load on the top of the governor 
spindle, there is a spring 0 by means of which a small additional 
load may be applied The spring is regulated by lock nuts on the 
spring spindle, and by use of these the engine speed may be varied 
to a small extent. Tlie governor is driven from the side shaft bv 
the bevel wheels iV. 

Ignition of the charge. — The hot tube ignition arrangement is 
shown in Fig. 308. As metal tubes, when at a high temperature, 
are morp or less affected by the action of tlie gases, a porcelain 
tube is used in this ignition arrangement. -1 is the porcelain tube 
contained in a cast-iron case D fitted with a reinovalile cover C, 
which projects downwards into D so as to form a double-walled 
case round the tube. The inner case is lined with asbestos so as to 
assist, by keeping down conduction of heat, in maintaining the 
temperature of the tube. The tube is held in position by means 
of a screw D fitting a tapped hole in the cover. A metal cap E is 
placed between the screw and the top of the tube so as to close 
its upper end. As the porcelain of the tube expands considerably 
on heating, provision must be made for allowing this to occur in 
the direction of the length of the tube. This result is secured, 
and a gas-tight joint made, by means of an asbestos washer in the 
socket at the lower end of the tube and another between its upper 
end and the cap E. The asbestos possesses just enough springiness 
to accommodate the expansion. 

The tube is heated by means of a ring of gas jets supplied 

Ilm- Bunsen tube F. 

Additional air is drawn in through air holes 0, and this air, 

circulating between the two casings B and C, serves to keep the 
outer case cool. 
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Tlie interior of the porcelain tube is put into ‘communication 
alternately with the air supply passage and, when ignition is 
required, with the interior of the cylinder. H is the passap 
through which the charge enters the cylinder after passing the 
admission valve. J is the passage through which the air supply 
is brought to the valve case. An ignition valve A', when in the 
position shown, permits free communication between the porcelain 
tube and the contents of the cylinder. K is held down by means 
of an external spring, and is pushed upwards when required by a 



Fio. 30S.— Ifpiition arrangements in the Crossicy gas engine. 

lever operated by a cam on the side shaft. When raised, the small 
cylindrical projection on its upper end enters and closes the pass:»ge 

between the porcelain tube and the cylinder. 

Tlte action is as follows : During the charging and compression 
stroke.s, the ignition valve A i.s pushed upwards and so keeps the 
i<Tnition tube in conmumication with the atmosphere and out of 
communication with the cylinder. Tlie pressure in its interior 
will therefore be equal to that of the atmosphere. This process 
is called ventilating the tube. Towards the end of the compression 
stroke, when the pressure of the charge in // is approaching its 
maximum value, the ignition valve K is dropped suddenly by the 
action of the cam, thus opening communication between the cyhn e 
and the hot tube and closing the opening to the atmosphere. 
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portion of the ‘charge rushes into tlie hot tube and ignites on 
coming into contact with its \valls. At once its pressure greatly 
increases, and the flame is shot back along the passages into the 

port E and so into the heart of the charge in the cylinder, thus 
igniting the ndiole. 


C 



Fio. 30£». -Exhaust valve and starting gear of the Crossley gas engine. 


arrangements are shown in Fiff. 

side of th! a casting bolted to the lower 

side of the cylinder F. The valve is held to its seat bv an external 

a^ftrtL rT n^*''4r^^-^ ^he side 

n s. ^ the larger projection on its rim alone operates the 

2 B 
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lever, and this will occur during the exhaust fetroke. When 
starting tlie engine, the cam is moved along to the position in 
which both projections operate the lever. In this position the 
exhaust^ valve will be opened twice each cycle, viz. during the 
exhaust stroke and also during the early part of the compression 
stroke, the smaller projection on the cam effecting the latter 
operation. The result is that compression does not begin until 
later in the stroke, and a very much lower compression pressure 
is reached. During starting the engine has to be turned by hand 
for a few revolutions while the first charge is drawn in, compressed 



Flo. 310.— Indicator diagmm, showing half compression at starting. 

and i^niited, and it would not be easy to do this if full compression 
were given. 

Further, ignition of the charge, when tlie engine is working at 
its unrnial speed, begins a little before the end of the compre.ssion 
stroke wlien tlie crank ha.s not yet readied the dead centre. 
Sliould this setting of the ignition valve be used wlicn starting, 
while the engine is being slowly turned by hand, there is risk 
that explosion will occur before the crank reaches the dead centre. 
In this case the engine will shirt off suddenly in the wrong direc- 
tion of rotation and the attendant may be injured. To obviate 
this risk, the cam operating the ignition valve is two-stepped. 
One step gives ordinary working ignition, the other is so set as to 
pi oduce ignition after the crank is over the dead centre. Tlie rod 
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E (Fig. 309), bpei-ated by tbe sa»ie movement of the starting 
handle which puts the double-projectioned exha^ust cam into gear, 



Fic. $n.^Iiidicatordia^m, showing full compression during working. 

is connected to the ignition valve lever, and brings it into gear 
with the late ignition cam. One movement of the handle D tliere- 
fore secures low compression and late 
ignition at starting. 

To show the ditference in compression 
during starting and working, the indica- 
tor diagrams reproduced in Figs. 310 and 
311 were taken while the engine was 
turned by hand as i-apidly as possible. 

No gas was admitted. Fig. 310 shows the 
low compression used in starting the 
engine ; the maximum pressure attained 
was 28i lbs. per square inch above atmo- 
spheric pres.sure. The exhaust valve 
closes at a on the compression stroke, 
and during the succeeding stroke tbe 
compressed air expands again, falling 
below atniospberic pressure. The exhaust 
valve re-opens at 6. In Fig. 311 is seen 
full compression. The maximum pressure 
on this diagram is 62^ lbs. per square inch 
above atmosplieric pressure. 

supply to the cylinder.— The supply of air to the c}'liuder 
IS drawn from the interior of the soleplate. In order to reduce 
the noise caused by the suction, an air silencer (Fig. 312) is fitted. 



Flo. 312— Cros&lcy air-sUoucii)g 
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Tljis consists of a cylindrical box containing a number of circular 
plates, each plate having an air hole placed eccentrically. The 

plates are so disposed in 
the box that the air has 
to travel along a sinuous 
jxith as shown by the 
arrows. 

Cylinder lubricator.— 
A regular supply of oil is 
maintained to the cylinder 
by means of the lubricator 
shown in section in Fig. 
313. .d is a wide, shallow 
cup containing oil and 
clo.sed by a loose cover B. 
A small s])indle C rotates 



Fio. al3.— Crossley cyliiidur liibru'ator. 


within the cover and is driven by a belt from the side shaft. I) is 
a a’ank secured to the .spindle and having a piece of wire K loosely 



Fio. SR— Crossley autifluctuator. 


attached to it. On the spindle rotating, the crank will come to the 
bottom, and the wire E will dip into the oil and pick up a drop. 
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On the crank ilsing again, the drop of oil is wiped off the wire E by 
another fixed wire F. The drop of oil then falls from the end of 
/’into a pipe G leading to the cylinder. Notice that this ai-range- 
ment will keep up a supply of oil while the engine is running, 
and automatically catses to act when the engine Is stopjwd. 

Antifluctuator.— This is a device placed in the gas .supply pipe 
between the cylinder and the gas-meter, and has for its object the 
prevention of the rush of gas into the cylinder during the charging 
stroke affecting the meter. It consists of a circular cast-iron 
box A (Fig. 314) closed at the back by an elastic rubber diaphragm 
B. Gas enters the box from the meter through the pipe C and 
valve Z), and by its pressure pn.shes the diaphragm outwards. 
The valve D is attached to the diaphragm, and so gradually closes 
as the box fills. E is the supply pipe to the engine. When the 
charging stroke occurs, the engine draws its supply of gas from 
the antifiuctuator at a time when, ns the box is full of gas, the 
valve /) has cut off communiciition with the meter. Immediately 
the charging stroke is over, the elastic diaphragm re-opens D and 
the box again fills with gas. 

EXERCISES ON CHAPTER XIX. 

1. Explain the four stroke or Beau-de-Rochas cycle. Sketch an 
indicator diagram and name each stroke on it. 

2. Sketch a gas engine cylinder in section, omitting the piston. 
Show the valves with as little detail as possible. Name the parts and 
explain what each is intended for. 

3. Sketch and describe the piston and connecting rod of a gas 
engine. 

4. Describe with sketches the method of driving the valves of a gas 
engine. What has to be done at starting ? Give reasons. 

6. Give sketches and description of a gas engine governor. What is 
the reason for the use of the hit-or-miss action in small engines ? 

^ 6. Explain and give sketches of any device for igniting the charge 
m a gas engine cylinder. 

7. ^ Why are heavier fl3as’heel3 required for gas engines than for steam 
engines of the same power ? 

8. The piston of a ^ engine is 6’7 inches in diameter by 1‘2 feet 
stroke. At 200 revolutions per minute there are 80 explosions per 
minute and the engine gives 6^ i.H.r. Calculate what the mean 
pressure must have been. 
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9. The crank shaft of a gas engine is gi\nng out steadil}’ 20 horse- 
power at an average .speed of 150 revolutions per minute. How many 
fwt -pounds IS this per cycle (of two revolutions)? About how much 
of tins must be stored and unstored by the fijTvheel if there are 75 
explosions pel minute ? jon* 


f 



CHAPTER XX. 


OIL ENGINES. 

Cycle m oil engines. —Most oil engines in use at the present 
time follow the Beau-de-Rochas cycle of operations, the liquid fuel 
being vaporised and mixed with air so as to form an explosive 
mixture. The mixture is drawn into tlie cylinder and used in 
piecisely the same manner as in the gas engine pieviously 
described (p. 375). One important modification of this cycle is to 
be found in the Diesel oil engine. In this engine air only is 
drawn in during the suction ati-oke. Compression of the air to 
a high pressura (about 500 lbs. per sq. inch) follows, witii the 
result tW the temperature rises to about 1000" F. The next 
out-stroke of the piston is the working stixike. During the early 
part of this stroke, the oil fuel is sprayed into the cylinder and is 
ignited on coming into contact with the hot air contained therein. 
The supply is cut off after a small fraction of tlie stix^ke has been 
completed, and expansion follows. Exhaust is accomplished during 
the next in-stroke of the piston. The importance of this cycle 
from the theoretical point of view lies in (a) the approximately 
adiabatic compression of the air to a temperature at which the fuel 
will ignite, (6) slow combustion wliile the piston is mo\nng out, 
allowing expansion of a practically isothermal nature to take place, 
(c) approximately adiabatic expansion of the products after the 
point of cut-off. This engine shows the highest heat efficiency 
attained up to the present; in a test on a 35 b.h.p. Diesel 
engine at Harrogate on May 10th, 1902, Mr. H. Ade Clark, 
found that 36’3 per cent, of the heat supplied in the oil was 
converted into energy given to the piston, and 28-7 per cent, of 
the heat supplied in the oil was converted into useful work, as 
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^ engine less than 0-5 
lb. of oil per b.h.p. per hour when working at nearly full power, 
and about 0 8 lb. when working at light loads. ’ 

Vaporising the oil.— In engines using the Beau-de-Eochas 
cycle, the oil is prepared for introduction into the cylinder in 
several difterent ways. In many engines, such as the Crossley and 
the Tangye oil engines, llie oil is sprayed into a vaporising chamber 
which is heated externally by a lamp kept burning continually 
while the engine is running. In the vaporiser, the spray is mixed 
with air which has been previously warmed, and is converted into 
a vapour ready to be swept into the cylinder during the charging 
stroke. In otlier forms of vaporiser, such as the Priestman, the 
vaporiser is kept waiin by a jacket through winch the exhaust 
gases pass on their way from the cylinder to the atmospliere. In 
the Uornsby-Akroyd oil engine, a chamber at the rear of tlie 
cylinder, and in constant communication with it, is kept hot by 
the heat generated dining the combustion in the cylinder. The 
chamber has no water jacket, and, when the engine is loaded so that 
a large quantity of heat is being generated in the cylinder, becomes 
red hot. Oil is sprayed dii ect into it, and the resulting vapour is 
mi.ved with the air supply drawn into the cylinder through a 
separate poit. All tliese devices are suitable for the successful 
treatment of heavy oUs, such as Royal Daylight (American) and 
Eus.solene (Russian) oils. The oil is supplied under a head 
oljtained either by placing the oil supjily tank at an elevation 
whence the oil gravitates to the vapoi isei-, or by the use of a pump 
driven by the engine. 

In engines using light oils, such as petrol, the vapour is much 
easier to obtain. These light oils give off ijiflanmiable vapour even 
at ordinary atmospheric tempei-atures, and consequently are very 
easily vaporised. It is siifticient merely to spi-ay the oil into the 
incoming supply of air. The vaporiser, or carbui’ettor as it is 
called in such cases, is placed close to the engine cylinder, and so 
is slightly warmed by conduction of -heat from the cylinder. The 
effect is to produce carburetted air, i.e. air charged with petrol 
vapour, forming an exjilosive mixture. 

Action in an oil engine. — To enable the action of and arrange- 
ments in an oil engine to be understood, the Hornsby-Akroyd oil 
engine has been selected for description. The geqeral appearance 
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of the engine ^ shown in I'ig. 31.^, and sectional elevations are 
given in Figs. 316 and 317. Referring to the latter illu.strations, A 
is the cylinder, open at the left-hand end, and sni rounded hy a M’ater 
jacket supplied with cooling water through a ))ipe K ; the water is 
discharged througli the pipe L. B is the piston to whicli one end 
of the connectijig lod is attached, the other end being connected to 
the crank. The crank shaft carries a lieavv tlywheel, and drives, 
by means of screw wheels, a side .shaft (ni which arc inonnled cams 
for operating the valves, arid a bevel wheel for driving the centri- 
fugal governor if. 



Fig. GlO.'-Fxtcnml view uf tliu liuriisby Aki'oyii « t;Mgine. 


Cis the vaporiser, which is left nnjacketed at its rear portion. 
This portion is kept hot while the engine is running hy heat fioin 
the combustion of the fuel in the cylinder, and is bronght to a 
suitable temperature before starting the engine by means of an 
external lamp D. After the engine is started, this lamp is put 
out. The oil supply to tlie cylinder is drawn from the tank E 
formed in the bed plate. Tlie oil passes tlii-ough a strainer in the 
tank, which removes grit, then through a pipe /’to a pump 6'. 
The plunger of the pump 6' is opei-ated, as will be seen in Fig. 317, 
by the same lever which opens the air intake valve, and, on the 
down stroke, foi-ces a small quantity of oil through a pipe // 
(Fig. 316) into the vaporiser C. Thus oil is supplied to the 
cylinder and the air valve is opened to take in the requisite air 
during the same out-stroke of the piston. 
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by a cam 03 i tlii aide shaft. P aud Q are the lever and earn for 
working the air valve and the oil pump. The air valve always 
opens and closes at the same instant. To enable the engine to be 
turned easily by hand when starting, the exhaust valve cam is 


Pio. 317.— Sectional end elevation of the Homsby^Akroyd oil engine. 

two-stepped, and either step may be used to operate the valve. 
Tlie stiirting step has a projection which opens the exhaust valve 
during the early portion of the compression stroke, and so i-educes 
the compression pressure in the manner described for the Crossley 
gas engine (p. 385). 

Ignition and governing.— Fig. 318 shows the vaporiser valve 
box in section, mounted in position on the side of the vaporiser. 
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Oil under pressure from the pump forces open the horizontal valve 
iind losses into the vaporiser through a very fine hole. The 
overfiow valve at the top of the box is held up against its seat by 
means of an external spring, and, should the engine speed be too 
high, will be pushed o))en by the action of the governor communi- 
Ciited through rods and levers. 



Fic. 318.— Vaporiser valve box of the Homsby-Akroyd oil engine- 


When open, the overflow valve pei niits the oil supplied by the 
pump, or part of it, to escape through an overflow outlet, and so 
return to the oil sujiply tank instead of finding its way into the 
cylinder. The supply of fuel to the cylinder is thus regulated to 
suit the work which the engine is called upon to perform, and the 


speed is maintained steady. . , , , u t 

Ignition of the charge is secured by the action of the hot wa Is of 

the'\’aporiser. The amount of compression is adjusted carefully to 
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suit the class 0 / oil being used, and, when so adjusted, explosion 
takes place immediately on the end of the coinpression stroke being 
reached, and just as expansion begins. The regularity of firing in 
this engine is most rcinarkablo, when it is considered that an 
explosive mixture is in contact with hot walls during the compres- 
sion stroke, but it is found that ignition will not occur (in a 
properly adjusted engine) until expansion is jiist about to 
commence. 

Petrol motors.— Small inotm-s using petrol (petroleum .spirit) 
are used extensively for operating motor rais and cycles. The 
B.U.P. obtainable fjoni one cylinder does not exceed 9 or 10, and 
usually the engines are .smaller. Cycle moan's range from 2 to 4 
B.n.P. To obtain a larger power for motor car work the number 
of cylinders is increased np to as many as six or eight. The 
arrangement is convenient, for the cranks can be j)laced relative 
to one another in such a maimer as to priKluce a balanced or nearly 
balanced machine. Motor car engine cylindei-s are genenilly 
water-cooled, cycle engine cylindev.s are aii-eooled. The cycle 
usually followed is the ordinary Heau-de-lb>chas. Ignition is 
generally secured hy means of an electric spark. 

Description of cycle motor.— In Fig. 319 a small cycle motor 
is shown in section and in end elevation. .1 is the cylinder, of 
cast-iron, fitted with a cast-iron piston which is kept gas-tight 
by means of spring rings. The cylinder is kept cool by the device 
of exposing as large a surface a.s po.<wil)le to the cnirents of air 
flowing ])ast the machine when in motion. To secure this, a large 
number of thin ribs project from the outer surface of the cylinder. 
The connecting rod C is a mild steel stamping, and is connected to 
the piston by a pin Z>, and at the lower end to the crank pin E. 
/jPare flywheels, secured by nuts and keys to the crank shaft G6 
and to the ciank pin E. ^ is a shaft carrying two cams 0 and 5, 
used respectively for operating the exhaust valve and the ignition 
ari-angement. B is driven at half the speed of revolution of the 
crank shaft by means of toothed wheels. The flywheels, gearing, 
etc., are contained in a crank-chamber which, for the sake of 
lightness, is constructed of aluminium. The cylinder A is secured 
to the crank chamber by means of studs. Tlie explosive mixture 
enters the cylinder during the suction stroke through the pipe K 
and admission valve L. In the motor illustrated, the admission 
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valve is not mechanically operated, but is siinjily di’awn open 
during the suction stroke by the rush of gas entering the cylinder. 
At other times it is held to its seat by a light spring. In later 
patterns of small motors the admission valve is operated at tho 



Fic. 310.— Section and side elevation of a cycle motor. 


^‘yht instant by .means of a cam on the shaft ^and rods leading 
from it to the 'valve. M is the exhaust valve, held down on its 
seat br an external spring and operated from the cam 0 through 
a small lever P and a tappet rod iV. Ignition of the explosive 
mixture is obtained by use of an electric spark, the current being 
supplied from a small accumulator, which, of course, must be 
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charged periodically. A coil, consisting of two parts, viz. an inner 

primary coil through which the accumulator current pas.se.s, and 

an outer secondary coil having a large 

number of turns of much finer wire 

insulated from tlie primary coil, is used \'^ n. 

to increase the potential of the current 

and to enable a spark to ci-oss between n. 

two platinum points having a small gap ^ 

between. These points are attached to an J 

ignition plug Q, and are situatecl, as shown, 

inside the cylinder .1 near to the admi.ssion 32 o._cycio .n.t..rcon. 

port. The spark will therefore jwss in a uct mukcr. 

space containing rich explosive mixture. 

The spark is timed by mean.s of a cam S (Fig. 320) mounted on 
the cam shaft. Tlie projection on tlie cam pu.shes a spring A at 

the jiroper instant and 
Mi causes it to come into 

V. \ contact with a fixed plati- 

j \ num point, thus closing 

S S the circuit. U is an ex- 

g V fl ternal pulley liaving a 

H grooved rim (Fig. 319); a 

^ band jasse-s from this to a 

^ ^ ^ similar but larger pulley 

^ n the rear wheel of the 

(5 ^jS yf cycle, and so drives the 

wheel at a speed of rota- 
^ n ^ tion lower than that of 

i ^ ^ ll C motor. 

^ ^1^ Carburettor.— Fig. 321 

Lj shows in section a car- 

bumtor suitable for the 
^9 motor under considera- 

' tion. The supply of 
" petrol entei-s at y-l from 

Fio. Sil-Carbarottov for o cycle motor. storage tank, and jmsses 

through a stiainer B of 
fine wire gauze with the object of excluding grit from the fine 
passages of the carbui“ettor. Having passed the strainer the 




Flo. Si 1.— Carburettor for a cycle motor. 


400 


STEAM AND OTHER ENGINES. 


petrol enters the feed chamber C, which is finliished with an 
arrangement for controlling the supply. Tliis consists of a pin 
pointed to form a valve at its lower end, and having two 
collai-s near its top end engaging with two small pivoted levers 
weighted so as to hold the pin E in the position shown. 
D is a hollow cylindrical float, wliich will rise when a snfticient 
(piantity of petrol has entered the cljaniber, and will press the 
weighted ends of the levers upwards, thus lowering the pin E 
and so closing the inlet orifice at the bottom of the chamber. 

The pipe K on the engine (Fig. 319) is connected to the pipe M 
(Fig. 321) on the carburettor. During the suction stroke, petrol 
»vill flow from the chamber Cand will be discharged as a fine jet 
from the vertical tube G. This jet is broken up into spray and 
gasified by the conical batfle plate placed above the tube (?, and by 
the ru.sh of air entering through a hole H situated on the back 
of the carburettor. A handle J operating a small giating 
serves to regulate the sn])ply of air. The gasified mixture now 
passes a butterfiy throttle valve A', winch may he adjusted by 
means of a handle Z, and so controls the quantity of mixture 
to be diawii into the motor cylinder, and finally makes its exit 
to the cylinder through the pipe JZ As tlie carburettor has 
to be kept warm in order to gasify the spray of petrol efficiently, 
the connecting pipe to the engine cylinder should be short. 
Suflicient heat will tlien be conducted from the cylinder to the 
carburettor. 

Motor car engines. — The drawings given here illustrate the Sid- 
delev30 horse- power motorcar made by the olseleyTool and Motor 
Car Co., Ltd., and are reproduced by courtesy of the makers and 
of the Editor of Engineering.” The engines are shown in tig. 322. 
There are four cylinders arranged vertically in line, side by side 
The cylinders are each 4|” bore x b" stroke and at normal speed of 
1000 revolutions per minute give a total of 36 B.n.r. The cylinders 
are of iron, cast in pairs with the heads and jackets in one piece. 
It will be noticed that the water jacket covers the inner cylinder 
heads and extends about half-way down the barrel, thus embracing 
the whole of the part of the cylinder conUining hot gases when 
the piston is at the bottom of the stroke. The pistons are of the 
usual elongated type with four spring rings, and are connected 
direct to the connecting rods by gudgeon pins. 
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Fio« 322. — 2jcctii>iial side and cud elevations uf four vyl indvr motor fur a ;iO ii.i*. Si<)dcK'y motor car. 
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Engine details. — Tlie crank shaft is shown separately in Fig. 323, 
where it will be noticed tliat the cranks of the two pail's are set 
opposite each other. This ari'angenient gives nearly perfect balance 
to the whole machine. Reckoning from the forward end of the 
engine (that end having the handle attached in Fig. 322) the order 
of firing is: first cylinder, third cylinder, fourth cylinder, second 
cylinder. As each cylinder has an explosion every two revolutions 
of the crank shaft, it follows that there will be an explosion and 
working stroke for each and every half revolution of the crank 
shaft. 

The cylindei-s are mounted on a base chamber of aluminium, 
whicli forms the upper portion of the crank chamber. The lower 
part of the crank chamber can be removed for inspection. Tliere 
are in addition two inspection covers on the crank chamber. The 
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chamber is in two parts separated by a partition, each part having 
two cranks working in it. The object is to prevent the oil in the 
bottom of the chamber (which is used for lubricating the crank 
pins) from flowing to one end of the chamber when the car is on a 
gradient and thus cutting off the supply of oil to one or more of 
the crank pins. 

The connecting rods and crank shaft are of forged steel, llic 
crank shaft runs in three main bearings of gun metal bushes lined 
with white metal. These bearings are lubricated fi om a reservoir 
mounted on the dash-board in front of the driver’s seat, a separate 
oil pipe being led to each. The big ends of the connecting rods 
have .short pipes which dip into the oil in the crank chamber 
at the lowest part of the .stroke. The oil thus picked up is driven 

into the crank pin bearings by centrifugal force. 

Valve gear.-The induction and exhaust valves are placed on 
the same side of tlie evlinder, and are all on the same side of the 
engine, thus securing ease in overhauling. These valves are alike 
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and are intercliMigeable witli each otlicr. Tliey aic licid down on 
their seats by helical springs, and are opened at tlio proper 
instants by means of cams on a lay shaft, which is contained in the 
crank chamber. Tlie lay shaft is driven by spur gearing from 
the crank shaft, and runs at half the speed of the crank shaft. 
The gearing is situated at the forward end of the engine. 

Ignition arrangement.-— Ignition is by the high tension magneto 
system. The magneto-machine is on thesiime side of the engine as 
the valves. The firing point is controlled by a lever mounted on 
the steering wheel of the car. This lever actuates a rocker, which 
altei-s the position of the armature in relation to its field, thus 
timing the spark to suit the .speed of the engine. Higher speed 
requires earlier ignition. An accumulator and liigli tension coil 
may also be fitted, and are useful for starting with the engine cold. 
The carburettor is of special type, and is mounted between the 
paire of cylindei’s, insuring equal feed to each set. A centrifugal 
governor controls a balanced throttle valve in the inlet pipe, and 
also regulates the supply of air to the carburettor. The governor 
can be held out of action by means of a pedal. 

Petrol and circulating water supply.— The petrol supply tank 
has a capacity of 16 gallons ; its situation is shown in the plan in 
Fig. 324. The petrol is fed to the carburetin’ under pressure, 
derived from a by-pass on the e.\haust pipe while working, and 
from a band pump at starting. The supply of circiilating water 
for the jackets is carried in a nuliator tank furnished witli a 
number of gilled flattened tubes to provide sutlicient cooling 
surface. The hot water is led from the motor to the tank through 
a copper pipe, the circulation from tank to motor and back again 
being maintained by a centrifugal pump (Fig. 322) driven by 
gearing from the crank shatt. A fan for inducing a draught of 
cooling air is mounted behind the radiator, and is driven by a flat 
belt from the crank shaft. The radiator tank forms the front part 
of the car and carries a bonnet for covering and protecting the 
engines and gear. The arms of the flywheel (Fig. 322) form vanes, 
causing a draught of air to circulate round the motors and assist 
in cooling. 

CbassiB.— The chassis of the car is shown in Fig. 324. The 
frame is of pressed nickel steel of tapered channel section without 
joints. Cross members are riveted to the frame for carrying the 
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below the frame, thus permitting freedom of design for the car 
body. Tlie rear wheels are the driving wheels, the front heels 


being utilised for steering. 
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The leading dimensions ai-e ; 

Normal wheel base, - • • - - 10' 2" 

Gauge, - - 4' 5" 

Distance apart of longitudinal members of fi-ame, 2' 10" 
Dashboard in front of driver to rear end of chassis, 7 1 1" 
Dashboard to centre of rear axle, - • - 7' 1" 

Diameter of wheels, ;M" 

Size of pneumatic tyres, 5" 



Wheels and axles. — The front part of the car is supported on 
the front or steering axle through the medium of coach springs 
(Fig. 325). This axle does not rotate. Each steering wheel rotates 
on ball bearings on ?. swivelling bracket (Fig. 326), which is jawed 
at its inner end to embrace the end of the steering axle, connection 
being niade by a steel pin. The brackets are connected together by 
levers and rods so that the wheels may be turned simultaneously 
in the same direction for steering, being controlled from the driver’s 
seat by a steering wheel. All four wheels are of the artillery 
pattern. The driving wheels at the rear of the car have their 
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axle connected direct to three-quarter elliptical sp/ings (Fig. 324), 
the ends of the springs being connected to the frame of the car. 
This arrangement is found to give easy riding and flexible drive. 
The power is transmitted from the motor to the driving wheels by 
means of a central live axle {i.e. an axle capable of rotation) of 
special hard nickel steel alloy, made by Messre. Vickers, Sons & 
Maxim. The makers of the car prefer this arrangement to the 

alternative one of chain drive. 
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Fio. 326.-Stcering swivel of tlie Siddcley motor car. 


mu o-oariiir— The following parts intervene between the motor 
r 1 rdi^rwh r a clu\!L for disconnecting the motor and 
■; a t^run L . speed changing gear ; heve. gea.ang and 

spur differential gearing. 

The ctutch IS SI 

detail in lig. 32i. 'tk,. , -hitch runs in oil to reduce 

is of the metal-to-raetiil vpe. flywheel, the external 

wear. The internal cone is spring 

cone can slide on the sha , « 

which presses at one end against a hxea co 
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the other end Rgainst the conical clutch. It will l>e noticed that 
this arrangement gives a self-contained thrust, i.e. the shaft as a 
whole does not undergo end thrust. Tlie pressure of the volute 
spring is adj ustahle by means of lock nuts screwed to the .shaft and 
bearing against the collar. The clutch is operated from the 
driver’s seat by the connecting levei-s shown in Fig.s. 324 and 327. 

The clutch is connected flexibly to the first motion shaft in the 
speed gear box by a short shaft shown in Fig. 327, having univei-sal 
joints at its ends. 



Pio. 827,— Sidcicicy motor car clutch. 


The gear box is shown in detail in Fig. 32R. The box is 
mounted on ti-ansvei'se members of tlie frame. The first motion 
shaft is nmde square for a jwrt of its length to ifceive the speed 
change wheels which are mounted on it so as to slide, and thus 
gear as required with a number of wheels mounted on the second 
motion shaft. There are four forward speeds aiTaiiged with normal 
motor speed of 1000 revolutions per minute, viz. 10, 19, 32 and 40 
miles per hour, but these may be varied by altering the speed 
of the motor. There is also one revei-se speed provided for 
^ing backwards. Referring to Fig. 328, it will be obsei-ved 
that the flexible shaft from the clutch is connected to a sleeve 
running in ball bearings, and bored out to form a bearing for the 
eud of the first motion shaft. The sleeve cairies a wheel of 
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24 teetli inside the box gearing with a wheel of i6 teeth on the 
second motion shaft, which thus will be in rotation constantly if 



Fig. 32 S.— Siddclcy motor car gear bos. 


the clutch is in gear. The sliding 21 toothed wheel on the tii^t 
motion shaft has a toothed clutch, which may enter a corresponding 
recess with teeth in the 24 toothed wheel at the end of the sleeve. 
When so geared, the first motion shaft will be driven directly from 
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the clutch, and will run at the name apeed aa the tiuiter. 'J’liis 
gives a speed of 32 miles per liour to the car. When so geaicd, the 
second motion shaft is nmnitig idle, none of its wheels heiiig in 
gear with the sliding wheels on the fnst motion shaft. The other 
speeds are obtained by disengaging the internal clutch and sliding 
the proper wheel on the fust motitai shaft into gcai’ Mitli tin- 
proper wheel on the second motion shaft. Reversal is obtained liy 
the interjwsition of a pjiir of idle wheels moiinled so as to slide on 
a third shaft. These have 10 and IG teeth icspectivciy, and g.-ar 
thus: the 19 tootlied wheel with the 2H tooth<-d wlieel on tlie 
second motion shaft, and the 1C toothed wheel with the 11 toothed 
wheel on the first motion shaft. The gearing shafts run on 
multiple ball bearings at each end. The gearing wliecls ai e made 
of Viehers steel alloy, liaving a strength of 80 tt)tis pel- si|uai c ineb 
after case hardening. 

Speed gear arrangements.— The gear wheels are slid iiitn 
position by levers ojK-rated by .striking vsls shown in Fig. 328. 
The striking rods aie controlled by a bent lever, connected to a 
hand lever at the drivers seat, the latter lever working in a 
notched gate. The striking rods are on the interlocking sy.stcm, 
resembling railway signals. When one striker is in gear it holds 
a plate locking tlie other strikei-s. A spriiig-coiitrollcd plunger 
drops into one or other of tlie mitclies in this plate and holds tlie 
plate until disengaged by the striker being thrown river, when 
the plate may slide into the ne.xt position. 

The gear box is connected to the tievel gear by means of a shaft 
with iinivei-sal joints at each end. The drive is taken ly the bevel 
gear (Fig. 329) direct to botli jiortion.s of the driving axle, these 
being connected by spur differential gearing. The function of the 
latter gear is to allow of one portion of the driving axle witli its 
wheel to run at a slightly ditferent speed to the other portion when 
rounding a curve or bend on the rojid. 

Driving wheels and axle. — The driving axle i.s placed inside a 
tubular casing on xvhich the weight of the oar is .supported through 
the three-quarter elliptical .springs. Tlic hubs of the driving 
wheels are mounted on a square end of the axle and so have the 
drive communicated to them. The liubs run on multijile ball 
bearings, which take shocks, due to the inequalities of the road. 
The arrangement also permits of bearings of large diameter and 
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length being used. Practically all of the bearings outside of the 

motor are ball bearings, thus securing a high mechanical 
efficiency. 

Brakes.— A torque bar is carried from the rear axle to a bracket 
suspended to the main cross member of tlie frame. This bar is 
flexible in all directions excepting in that of rotation and takes the 



Fio. 320. — Differential gear and driving axle of the Siddeley motor car. 


whole of the reaction, both for driving effort and for brake 
application. A foot brake is fitted to the driving shaft at the rear 
end of the gear box. Tliis is of the band type, and means of easy 
adjustment are provided. There are also brake drums on each rear 
wheel. These are entirely inclosed, the brakes being of the 
internal expanding type, and are operated by a hand lever to 
which they are connected by wire cables. The latter brakes are so 
arranged that they are brought into operation simultaneously and 
equally. 
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EXERCISES ON CHAPTER XX. 

1. Describe generall}' the action in any oil or petrol engine you 
know. 

2. Explain with sketches what must he done to the liipiid fuel 
before being mixed with air. 

3. Sketch in section an oil engine cylinder showing the valves. 
Name and explain the use of each part. 

4. Describe and give sketches of an oil engine governor. 

6. Explain with sketches how the charge may he ignited in an oil 
or petrol engine. 

$. Why is a single cylinder engine seldom found in a modern motor 
car? 

7. Explain any system of lubrication suitable for a motor car 
engine. 

8. Sketch, with as little detail as possilile, tlie plan of the chassis 
of a motor car. Name each part, and explain how the motion is trans- 
mitted from the engine crank sl>aft to the driving wheel. 

9 . Explain, with sketches, how a motor car is steered. 

10, Describe, with sketches, any mechanism for varying the speed of 
a motor car. 

11. What is the function of the differential gearing of a motor car? 
Give sketches and describe any such arrangement. 
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GAS AND OIL ENGINE TESTS. 

Tests on internal combustion engines.- Many instructive 
e.xpoviinents may be carried out by students should a gas or 
oil engine be available. A few of these are here described. 

Brake horse-power.— To obtain the Brake Hoi-se-Power of a 
small gas or oil engine such as is generally installed in engineering 
laboratories, any of the ordinary forms of rope brake may be 
used. When working at low powers, it will sometimes be 
found convenient to have the rope lapping one half only of the 
circumference of the flywheel. The revolutions should be counted 
throughout the whole test by a revolution counter diiven from 
the crank shaft ; frequent checking by counting the revolutions 
during one minute at different parts of the run is desii-able in 
order°to make sure that the speed of the engine is not varying 
considerably. The latter readings should be compared with the 
average number found by dividing the total revolutions for the 
run shown on the counter by the duration of the test in minutes. 
The Brake Horse-Power will be calculated as described in 
Chap, VIL, and the result, if the test is carefully carried out, will 
be a very close approximation to the actual horse-power which the 
engine is capable of delivering. 

Indicated horse-power.— The Indicated Hoi-se-Power of an 
internal combustion engine can only be roughly estimated. This 
arises from the different shapes of diagram produced even when 
the eiK^ine is working a.s steadily as can be obtained. The difficulty 
is increased greatly should'the engine be governed by reducing 
(not cutting off altogether) the supply of fuel. In such cases it is 
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almost impossible, with ati oidinary indicator, even rou^,dily to 
estimate tlie average diagram. 

To secure the best results, the indicator eiiiployejl should be 
of light construction in its woi king jwirts, and a strong .spring 
should be used. Should 
this not be attended 
to, the impulse given 
to the indiwitor piston 
when explosion occui-s 1^^^^ 
will set up vibrations, 
which will be com- 
municated to the indi- 
cator pencil and give a ^ 

series of waves instead “ 

nf Hio finn /.vnnjwiiin * ili.lKnim from all <,il 

or UltJ ClUC CAji<llKMon governed by adjusting strciigMi of mix lure. 

curve. 

Fig. 330 shows a card taken from an oil engine governing by 
regulating the supply of oil so as to vary the strength of the 
explosive mixture. The engine was running at 20ft revolutions pel- 
minute, and the pencil was held against the papei* during j minute. 

There ai'c thus 2G 
evcles on the dia- 
gram. The dilficnity 
of obmining the in- 
dicated horse-power 
may he imagined. To 
tlirow light on the 
manner in which the 

e.xjilosiuns follow one 
Pio. 331.— 2C cycle explosion diagram corresponding to another, the diagram 

shown in Fig. 331 

was taken as rapidly as possible after that first taken. The curd 
driving the indicator drum was disconnected from the engine and 
drawn very slowly by hand during j minute while the pencil was 
in contact with the paper. The whole of the 26 cycles was thus 
compressed into the length of the diagram, each cycle being repre- 
sented by a very narrow strip. Fixun the heights of these, the 
maximum pressures may be measured, and so some notion as to 
the strength of the mixture arrived at. The diagram corresponding 
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to any particular cycle in Fig. 331 may be found by measuring 
its height and tiiking the diagram showing the same height in 
Fig. 330. 

To arrive approximately at the average indicated horse-power 
developed during a test, a number of diagrams should be taken, 
each showing say ten cycles. Using a piece of tracing paper, an 
average diagram may be guessed. Suppose this to be done, and 
that the diagram resembles that shown in Fig. 332. During the 
compression stroke, work is done on the mixture as represented hy 
the area from VV up to the compression curve; during the 



expansion stroke, work is done on the piston as represented by the 
whole area from PV up to the expansion curve. It tnerefore 
follows that the net work done on the piston will be represented 
bv the closed shaded area. Tlie average pres.sure, may be 
found from this area by any of the usual rules described in 

Chap. VII. * 1 

Havincr thus found the average mean pressure for the run, ne 

must also know how many explosions occurred per minute. In the 

case of an engine governing by hit or miss the exp>«-^ !«■; 

minute must be counted systematically during the test rins ma: 

be done either by listening for the sound of the explosion, or by 

ivatcbing the stem of the intake valve. In the case of an engine 

governing by varying the fuel supply, the number of explosions 
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per minute may»be taken as equal to half the number ot revolutions 
per minute for the Beau-de-Eochas cycle. 

Let ;)„,=average mean pressure, lbs. per sq. iiicli, 

A =ai’ea of the piston, sq. inche.s, 

A=length of stroke, feet, 

A’=number of explosions per minute; 

then, 


I.K.l’. 


p,^yi.AxLy.E 
33,000 ' 


The most useful practical information given by the indicator 
diagram is that concerning the manner in which the cycle is being 
carried out by the various valves. A glance at tlie diagram by an 
experienced eye at once tells whether all is as it slioiild be or 
whether one or more of the valves is out of time, or is leaking. 

Measurement of heat supplied to a gas engine.— In the case 
of a gas engine, the supply of gaseous fuel is usually measured hv 
meiins of a dry gas-meter. The meter is best read as follows : 
Luring the run, the observer should note the lime (hour, minute, 
and second) of each successive passage of the ])ointer on the meter 
over the zero mark. SupjKise one i-evolution of the pointer to 
indicate that 10 cubic feet of gas have passed, and that the 
observer has noted that the time of revolution of the pointer is 
i minutes. Then, 

Gas consumed per minute=-p cubic feet. 

The gas consumed per minute throughout the run will thus be. 
known. This method is preferred because the mechanism of the 
meter will be always in the same po.sitjon and iindei- the same 
conditions each time a reading is taken, and crroi-s are thus 
eliminated; The gas-meter should be proved occasionally at the 
official testing house. 

Reduction to standard temperature and pressure.— In oi-der that 
tests on gas engines may be comparable, the meter reading should 
be reduced to standard temperature and pressure. To enable this 
to be done, the following observations must be made : 

(1) Temperature of gas supply, t” C. 

(2) Pressure of gas supply, 4 millimetres of water. 

(3) Barometric pressure during test, // millimetres of mercury, 
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The temperature of the gas may be measured by having a tee- 
piece on the gas pipe between the meter and the antifluctuator, 
and inserting a tliermometer pushed through a cork fitted to the 
branch on the tee-piece. The pressure above that of the atmos- 
phere may be measured at the same place by means of a glass (J- 
gauge containing water, one limb being connected to tlie gas 
supply pipe and the other left open to the atmosphere. The 
pressure will be jneasured in millimetres of water by means of a 
scale placed between the branches of tlie (J-g^^ge, the difference in 
the heights of tlie water columns being noted. This may bo 
convei'ted to millimetres of mercury by division by 136, the 
specific gravity of mercury. 

Taking standard temperature and pressure to mean 0* C. ^nd 
760 mm. mercury column, the required reduction would be thus 
calculated : 

•6 


j = /(i millimetres of mercury. 


Absolute pressure of gas = f H+ 


Absolute temperature of ga3 = (273'7-l-0 Centigrade. 

Let rj = volume in cubic feet per minute by meter, 

r= volume of this at standard temperature and pressure. 
Applying the general law 




To 


(p. 54), 


we obtain 


or. 


760 r 
273-7 -Hi 273*7 

|r_ f 273' i X ki 




The heat supplied in this calculated volume of gas can be 
determined, provided the lieating value per cubic foot has been 
fiist determined or is otherwise known. 


Let $=heating value of the gas, in b.t.U. per cubic foot, 
then Heat supplied per minute=(Qx T) b.t.d. 

Measurement of heat supplied to an oil engine.— This can 
be easily effected by disconnecting tlm ordinary supply tank and 
allowing the engine to draw its supply of fuel from a can of 
sufficient capacity. A mark should be made so tliat the can may 
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be filled to th^same level when required. Tlie best and simplest 
way is to lay a piece of wood across the top of the can ; a sharp- 
pointed stiff wire hook projecting downwards from the piece of 
wood will indicate the instant when the standard oil level is 
reached by its point just breaking the surface of tlie oil. At the 
instant the engine test is begun, the level of the oil in the can 
should be brought to standard level, and at the niometit that the 
test is over the level should be again laised to standard by pouring 
in a measured quantity of oil. The weight of the oil poured in 
thus to restore the original level is equal to that used by tho 
engine during the test. 

Let ir= weight of oil used per minute, Iks., 

^’=heating value of oil, in U.T.U. per lb., 
then Heat supplied per niinute=( ll'x Q) h.t.u. 

Heat absorbed by the jacket water.— In ordinary inteinal 
combustion engines tho circulation of the jacket water is main- 
tained, as already described, by means of natuml gravitati<3mil 
currents of water or by forced circulation from a ])ump, !»• 
measuring the heat absorWd by the jacket water it is necc.'ssary to 
measure the inlet and outlet tem|M.-ratures of the water and also 
tlie quantity of water pas-sed in a given time. To enable these 
observations to be taken, it is best to arrange the engine so as 
to draw a constant supply of water to the jacket from a tank and 
to discharge it into another tank, where it can be measured oi 
weighed. Therniometei's pushed tlirough corks and inserted in 
tee-pieces on the inlet and outlet water pipes clo.se to the engine 
serve to measure the temperatures. 

Let lf'= weight of M’ater passed in a time t minutes, 

^i=inlet temperature. Fall., 

^=outlet temperature. Fab. 

Total heat absorbed = n.T.u. 


Heat absorbed per minute = b.t.u. 


Heat balance.— Account can now be made of the heat supplied 
and how it disappears. Tiie quantities known are, i.h.p., B.n.p., 
the heat supplied per minute to the engine = ^, and the heat 
absorbed by the jacket water per minute. 

D.s. 2 d 
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Energy given to tlie piston per minute=i.n.p. x3!?,000 ft.-lbs. 
Taking /= 774, tliis will give the energy transferred to the piston 
per minute 


Useful energy produced by the engine per minute 

= B.n.p. X 33,000 ft.-lbs. 

^^B ....P.x33,0 00j „T.U. 

Energy wasted per minute in overcoming engine friction 

=(i.h.p.-b.ii.p.)-^---t- , b.t.d. 

^ u4 

Let energy absorbed per minute in heating jacket water 

The remainder of the energy is wasted by incomplete combustion, 
by heat cjirried away in the exhaust gases, and in other xvays. The 
proportion due to each is not easily determined, and we may class 
them all under one head and say, 

Let energy wasted in exlniust, etc. = £’^, r.t.u. pei’ min. 

A balance sheet can now be made out, and for this purpose it is 
convenient to expre.ss each of the above qnantitie.s as a percentage 
of //=the heat supplied per minute. Reckoning this energy 
supplied as 100, the othei-s will become : 

„ . , . i.n.r.x33.000..,^^ 

Energy given to the piston= — — x lUO. 

„ , , . 1 R.ii.r.x 33,000 ^ 

Useful energv obtained s= — r=-; — n— x UHJ. 

! I iX H 

Energy wasted in engine friction 

{i.h.p.-b.r.p.)33,000^,^^ 
774 x^ 

Energy wasted in heating the jacket water 

E, 


/ 
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Energy wasted in heating exhaust gases, eta 

= 5 X 100. 


Heat Accopst. 


By energy supplied, 

( 

100 

1 

« • 

To \iseful energy obtained, 

1 

17-2 


,, energy wasted in fric- 
tion, - ■ - • 

,, cnergj' wasted in heat- 

4-3 

1 

1 



ing water, 

33-2 

- 


„ energy wasted in heat- 




ing exhaust gases, 
etc. (by difTcrcuce), • 

4.V3 


100 


100 


The nurabei-s supplied in the above account for the sake of 
illustration weie obtained in a test of a gas engine. 

Gas engine tests.— In testing a gas engine for d.h.p., i.h.p. and 
fuel consumption, the following observations must be made : 

1. Indicator diagrams to be taken every 10 minutes. About 

10 cycles should apjwar on each. 

2. Revolutions per minute of the crank shaft. 

3. Explosions per minute. 

4. Brake spring balance and dead load readings taken every 10 

minutes and frequent intermediate check readings made. 

5. Gas passed by meter, read by noting the times to the nearest 

second, at which the index passes zero throughout tlie test. 

6. Temperature of the gas, every 10 minutes. 

7. Pressure of the gas, every 10 minutes. 

8. Reading of the barometer. This need only be taken once 

for each test of one hour’s duration. 

9. Time taken to pass a measured quantity of water through 

the cylinder jacket. 

10. Inlet and outlet temperatures of the circulating water. 

11. Temperature of the engine room. 
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Measurements should be taken from the engine of tlie following 
particulai's : 

Principal Dimensions and Constants. 

1. Diameter of the piston, d inches, - - 

2. Stroke of the piston, L feet, .... 

3. Diameter of the brake wheel to the centre of 

the rope, D feet, 


Valve Settings. 


1 

Cnuik angle at which : 

Gas inlet 
valve. 

Air inlet 

1 valve. 

Exhaust 

vaWo. 

Ignition 

valve. 

^'alve begins to open, • 
^'alve full open, 

Valve hegin.s to clo.se, • 
Valve closed,- 






The i.ii.r. and e.h.i*. constants should be worked out in order to 
facilitate subsequent ailculation. 


Let 


then 


jD„=avei“dge pressure from the diagrams, 
it’=explosions per minute, 

P„y. — ^LxE 

I.H.P.=^ 


33,000 

= cxp„,xE, (1) 

in which c, the biacketed quantity, is the i.n.p. constant for the 


engine. The value of c should be calculated from 


c= 


Trrn X L 
4 X 33,000 

and inserted in equation (1). 


Let 


then 


B.H.P.= 


A'^=revolutions per minute, 
( ir-5)=net brake load, lbs., 
(n'-.‘?)x iVx7r/> 

33,00i) 

=K(\y-s)iy 


( 2 ) 
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Calculate t\ik value of K fi oni 

^“ 33 , 000 ’ 

Tills result will give the ».h.p. constant; in.seit its value in 
equation (2). 

Logs of tost.— The readings taken during a te.st are host entered 
in a tahulai- form. To illustiate tl-e nietliod the following e-vamplo 
of a gas engine trial is included. 

Example of gas engine test.— The engine tc.sted is a tU n.n.r. 
Crosslcy engine, supplied by the makers in IHIW to tlic author's Inlioia* 
tory. Its principal work has liecn the driving of niachinery, and, 
when required for. testing, the belt conneeting it to tlie main shaft 
is removed. It must Iw uiiderstocKl that the engine was in no way 
specially adjusted l*forc any tests, and Micrefore the results olitained 
are such a.s would lie produced at any ume by the engine while ij'.t- 
forming ordinary driving work. The engine has been fully dcHcril)cd 
in Chap. XIX. 

Principal Dimensions and Constants. 

1. Diameter of the piston, d inches, .... (i IJi) 

2. Stroke of the piston, Z- feet, 1'187 

3. Diameter of tlie brake wheel to the centre of the 

rope, i) feet, 4719 


Valve Settings. 


Cmnk angle at which : 

Gas inlet 
valve. 

Air inlet 
valve. 

Exlmuftt 

vulvc. 

Ignition 

valve. 

Valve begins to open, - 

358* 

3-20’ 

m 

299’ 

Valve full open, • 

70’ 

70’ 

■■ 

2V 

• 

Valve begins to close, • 

99’ 

99’ 

2G0’ 

32.V 

Valve closed, • 

180’ 

2-20’ ' 

1 

l-2i’ 

104’ 


^ . . . ird* X L 

Constants.— r.H.p. constant=c= 3 — ninoji. 

4 X .4.5, UUU 

3.')-14x 1-187 
“ .33,090 

=0-00126 ; 

i.H.p.=0 00126xp„x.ff. 
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I I .00 

B. ir. p.= 0-000448 x(ir- 5) xiV. 

Gas Engine Test. 

No. of test : 1. 

Description of engine : G.\ b.h.p. Crosslcy gas engine. 

Wliere situated : Engineering Laboratory, West Ham Technical 
In.stitutu. 

Date of test : Dec. 16tli, 1898. 


Engine Loo. 



Revij. 

Bnike. 

Xo. of 

Explosions 

per 

minute. 

Time. 

per ! 
miiiitte. 

1 

' Spring: 
Uikncc. 

Dead 

load. 

j indicator 

1 diagram. 

ji.m. 

8.0 

— 

01 

: SIbs. 

lOJ 

ir ibj. 

81 

1 

70 

8.10 

218 

lOA 

81 

2 

70 

8.20 

216 

lOA 

81 

3 

70 

8.80 

215 

12i 

81 

4 

70 

8.40 

215 

lU 

«» 

81 

5 

70 

8.50 

215 

llj 

81 

6 

70 

9.0 

214 


81 

7 

70 


Gas Log. 


Time at 
which index 
passes xero. 

Quantity 
of gas 

measured | 
in interval. 

Teropciature 
of gas. 

1 

Pressuix) 
of gns. 

1 

Barometer. 

in. s. 

0 0 

cubic feet. 1 

F. 

mm. of svalcr. 

mm. 

of mercury. 

8 25 


69" 

118 

i 765 

6 50 

, 10 

70" 

114 i 

1 

1 

10 80 


70-5* 

118 


14 22 


! 69-5" 

114 

1 y 

17 50 


1 69" 

114 

}> 

21 16 

' 10 

69" 

114 

yy 
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> Circulating Water Loo. 


Time. 

Water pasACii 

Inlet 

Outlet 

through jacket. 

, tctni>cmturo. 

1 temperature. 

1 

h. ni. s. 

lbs. 

F. 

F. 

8 0 5 

0 

48’ 

96-.5° 

8 0 45 

100 

4S’ 

97-5° 

8 14 0 

•200 

48° 

97° 

8 21 35 

300 

48° 

98° 

3 29 0 

400 

48° 

98° 

8 36 25 

500 

48° 

98° 

8 44 5 

600 

4S* 

98° 

t 


Results of Gas Engine T}':st. 

No. of test, 1 

Date of test, Dec. ICtli, 1898, 

Duration of test, 1 liour 

Average revs, per minute, 215 

Brake, average (letttl load, 11’ lbs., • • • -81 

average spring balance pull, iS' ll»s., • 11| 

net average brake load, ( ir-N) lbs, - 68‘75 

Brake liorse*po\ver, 6 03 

Average mean pressure from indicator diagrams, 

lbs. per sq. inch, 87‘1 

Average explosions per minute, 7<) 

Indicated horse power, 7'7 

Volume of gas as measured by meter, cubic feet 

per hour, 1G9 

Average pressure of gas, mm. of water, • • • H5 

Barometric pressure, mm. of mercury, • - • 765 

Absolute pressure of gas, mm. of mercury, - • 773-5 

Average temperature of gas, F., 69-5* 

Volume of gas used in cubic feet per hour at 0“C. 

and 760 mm. of mercury pressure, • - 160 

Volume of gas in cubic feet at 0* C. and 760 mm. of 
mercxiry pressure per B.H.P. per hour, • ■ - 24*2 
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Heat disposal. ^ 

Heating value of gas in b.t.u. per cubic foot at O'C. 
and “OU inni. mercury pressure, • - - - 

Heat supplied to engine per minute, r..T.r., 

Heat equivalent to useful work done per minute, b.t.u.. 

Work done per minute in driving the engine mechan- 
ism, ft. -lbs., 


620 

1650 

282 


35,400 


Heat equivalent to the work done per minute in 

driving the engine, B.T.U., 45'6 

Weight of circulating water passed per min., lbs., • 13*64 

Average rise in temperature of circulating water, 

degrees Fah., 49*5 

Heat carried away in jacket water per minute, b.t.u., 675 


He.vt Account. 


r 

By energy supplied, 

KX) 

To useful energy obtained, 

17T 


,, energy wasted in fric- 
tion, 

2-76 




' ,, energy wasted in heat- 




j ing water, 

10-9 



„ energy wasted in ex- 




haust gases, etc. 
(by difference), 

39-24 


100 

1 

1 

100*00 


Temperature at points in the gas engine cycle.— It may be 
assumed, in making thi.s calculation, that tlie gaseous mixture of 
gas and air present in the cylinder at the end of the suction str oke 
follows the law 

(P-54.) 

T 

It thus becomes possible to calculate approximately the tempera- 
tures at other points of the compie.ssion and expansion strokes. 
To enable the calculation to be made, tlie pressure, volume and 
temperature of the inclosed mixture must be known for one point, 
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and also the pressure and volume for the point at which the 
temperature is required. 

Example. In a gns engine cylinder wliero r=2’2 and p=\A'"'2, it 
was known that the temperature was 130’ C. What is the temperature 
when 122 and i’=l"2? 1906. 

The initial temperaturc=130 4 2737 

=403-7’ C. altsolute. 

T, U 

• r -ZWl 
* 

122x1 •2x403-7 
14'72x2-2 
= 1826’C. absolute, 

/=182C- 273-7 = irK'j2’C. 


EXERCISES ON CHAPl'ER XXI. 

1. Explain fully tlie reasons why then. ii.p. of an internal combustion 
engine can be stated more accurately tlmn the i.ii.i’. 

2. State the measurements which must be taken in testing a gas 
engine or an oil engine for fuel consumption per B.H.r. per hour. 
WTiat precautions are necessary ? 

3. In a gas engine test the gns supplied, as mca.surcd by meter, was 
87 cubic feet at IJ" water pressure and 15°C., this quantity being 
supplied in 52 minutes. Calculate what quantity of gas per hour at 
standard temperature and pressure entered the engine. The barometer 
during tlie test showed 2t)J inches of mercury pressure. 

4. Bescrihe how tlic heat carried away by the jacket ^s•ate^ may be 
measured. Sketch the arrangement. 

6. In an oil engine trial, tl>e circulaling water entered at 50* F. and 
was discharged at 95* F. Quantity used, 4i)0 lbs. in 32 minutes. 
Calculate what heat per minute is ocing carried away by the water. 
To bow much mechanical work is this equivalent? 

8. Describe, without too much detail, the working of any gas or oil 
engine with which you are acquainted. 

If 20 lbs. of oil (cjdorific value 21,000 Fahrenheit units) are used per 
hour, the brake horse-power being 18, what is the eIBcicncy ? 1898. 

7. An engine gives 10 indicated horse-power and 7-6 brake horse- 

power for a consumption of 230 cubic feet of coal gas per hour. The 
calorific power of the gas is 530,000 foot-pounds per cubic foot. W^hat 
is the efinciency? 1897 , 
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8. Sketch a gas engine indicator diagram. How is used in Ending 

the indicated horse-power ? State clearly what information is necessary. 
Why must we know the number of explosions per minute rather than 
the number of revolutions ? 1900. 

9. Draw the compression, ignition, and expansion part of a gas engine 
diagram. If the volumes and pressures at four points on the diagram, 
to any scales whatsoever, are represented by 


Points, • 

.1 

B 

C ' 

D 

Volumes, 

5 

' 1 o 

i 2 ' 

4 

Pressures, 

1 

4 

1 

10 

1 

3 

1 1 


And if at the point A we know that the temperature is 127'’ C., what 
are the temperatures at the other points? Tabulate the results. 1901. 




CHAPTER XXn. 

HISTORICAL NOTES. 


Hero’s engine. — The earliest recorded steam engine was des* 
cribed by Hero of Alexandria more than 2000 years ago. This 
engine was a form of steam turbine, working by the reaction of 
steam jets discharged from orifices formed in a vessel free to 
rotate. It is not until the 17th century that we find inventoi-s 
seriously attempting to proJtice commercial engines, and to Savery 
is due the credit of the fii-st successful steam engine. 

Savery’s engine.— Savery’s engine, patented in 1698, was 
devised for pumping water from mines. Its action will be under- 
stood by reference to Fig. 333. -1 and B are two vessels connected 
at their tops to a steam pipe leading from a boiler ; Sy and are 
steam valves which may be opened and closed by hand. The 
vessels are connected at the bottom to two blanches of a water 
pipe, the lower part of which is carried down the mine to the 
water to be drained, tlie upper part leads to the surface level 
where the water is to be discharged. T, and T, are non-return 
suction valves ; Ij and 1*4 are non-return discharge valves. Steam 
is supplied from a boiler C, a second b<*iler D being used to supply 
C with feed water. 

The vessels A and B were used alternately in the following 
manner. Sy being opened, steam entered A and drove out any air. 
The steam valve was then closed and a jet of water was allowed to 
play on the outside of the vessel A^ thus causing the steam to con- 
dense and forming a jxirtial vacuum. Water ascended the suction 
pipe, passing the valve I’j and entered ..1. Sy being now opened, 
the steam by, its pressure on tbe water in A caused it to flow 
through the valve Tj, and so up the discharge pipe. In actual 
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working, ^4 was filling while D was discharging, And vkevm&^^ 
fairly constant discharge being thus obtained. The height to 
which water could be forced depended, of coui’se, on the steam 
pressure available, which, owing to imperfections in boiler con- 
struction at that time, was such that a maximum lift of 80 feet 


Fig. 333.— Savory's puToping engine (1 69$). 



only could be attained. The principle of Savery’s engine is used 
in the modern pulsometer with the details considembly modified. 

The pulsometer.— In the modern pulsometer, constructed by 
the Pulsometer Engineering Co., Ltd., there are two vessels A 
(Fig. 334), furnished with suction valves E near the bottom, 
and discharge valves F shown dotted. Steam is admitted 
from a supply pipe at the top and will enter either vessel 
depending on the position of the ball valve I. On entering the 
vessel, the steam presses on the surface of the water and forces it 
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through the dischaige chumher and valves. Tliis opeiatioii is 
accompanied with very little agitation of the water, and conse- 
quently there is little condetisiitioii of steam ujitil the water level 
is so low in the vessel tliat steam hegitis to blow tlirongh the 
horizontal orifice leading to the di.scharge valves. Condensation 
then occurs actively, and a partial vacniini is formed in the vessel 
which has just Ireen emptied. The sudden reduction (»f ))iessvire 
causes the ball valve I to roll over and thus .shut oil' tliis vessel 
from steam and to open the other, wliere a proces.s similar to that 
above explained begins. Meanwhile the 
partial vacuum in the first vessel enables a 
further supply of water to enter it thiougli 
the .suction valves. A con.stant How of 
water is obtained practically and the pump 
is automatic. Small adjustable air valves 
are fitted near the top of eaeh ehamber ; 
these enable the .speed of the jmmp t<» be 
adjusted. Owing to the ease with wliich 
the pulsometer can be set up (it will work 
suspended from a crane chain) and to its 
power of dealing with dirty water, it lias 
found much favour with contractors. 

Newcomen’s atmospheric engine.— Now- 
comen in 170.0 devised the fii-st piactical 
steam engine containing a cylinder and 
piston. Fig. 335 shows a drawing of this 
engine, from which its action will be under- 
stood.‘ A is the cylinder, arrange<l vertically, having its ujiper 
end open, and having four orifices at the bottom. B is the piston 
attached by means of a chain to a beam It vibrating aliout 
T. To the other end of the beam is attaclied the pump rod L\ 
leading downwards to the pump at the bottom of the mine to be 
drained. The cylinder .1 is connected to a boiler K by a steam 
pipe L furnished with a valve M ; the steam sujiplied was at a 
pressure only slightly greater than that of the atmosphere. X is 
an eduction pipe fitted with a non-return valve at 0 ; the object of 



Fio. 3.14.— Sectional of a 
I»ul6oniclvr (11^7). 


'Fig. 335 is reproduced by permission from a paper on the “Newcomen 
Engine,” by Mr. Henry Davey, Proc. Inst. Mech. Eng., Oct. 1903. 
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Fio. 335.— Newcomen's atmospheric pumping engine, from a drawing 

dated r2th January, 1S2G. 


this pipe is to drain off water from the cylinder. H is an injection 
pipe, fitted with a valve near the place where it is connected to the 
cylinder, and leads from a cistern (7, from which water may be 
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injected to tlietylinder. Pis a snifting valve opening outwards ; 
steam may be blown through the cylinder and thereby drive out 
any contained air through P. S is a vertical rod, cilled a plngtree, 
operated from the beam, and its vertical motion i.s used to open 
and close the steam and injectiim valves. P is a pump driven by 
the beam for keeping the cistern 0 .sup|ilied with water. As tlie 
cylinder A was not bored out, an inijK)S.sible operation at that time, 
water was led thiough a pij)e E to the piston, and served to 
prevent leakage of air jwst the piston into the cylindei-. The 
up stroke of the piston was accoiiiplislied by the action of the 
superior weight of the pump rod U. 

Action of Newcomema engine.— Tlie piston being at tlie top of 
the stroke, steam is blown tlirough to get rid of air in the cylinder. 
Then the steam valve M is closed, and the injection valve II is 
opened, thus aiusing a jet of water to play into the cylinder, with 
the consequent condensation of the steam and the prorluction of a 
partial vacuum. The superior pressure of tlie atiiio.spliere on the 
piston top now urges it downwards, the piim]> rod V rising at the 
same time, and so operating the pump bucket below. The steam 
valve M is now opened again, admitting steam to the cylinder and 
thereby equilibrating the pressuies on the top and bottom of the 
piston, thus enabling the superior weiglit of the pump rod to take 
effect and perform the up stroke of the piston. Dui ing this .stroke 
the water of condensation and the injection water are discharged 
througlj tlie pipe X. When at work the steam and injection valves 
are operated automatically by the engine. It will be noticed that 
the pressure of the steam was not utilised for doing useful work, 
but that of the atmosphere, lienee the name— Atmospberlc Eng:lDe. 

Many engines of the Newcomen type, having cylindera up to 
75" diameter and 8 or 9 feet long, were constructed and put to 
work for pumping water and winding coal from mines. There is a 
Newcomen engine, erected in 1810, still employed for winding 
coal at the Farnie Colliery, Rutherglen, near Glasgow. The 
average pressure on the pistons of tliese engines was about 7 lbs. 
per square inch. 

James Watt. — In 1763-64, James Watt, who at that time held 
the post of mathematical instrument maker at the University of 
Glasgow, had occasion to repair a model of Newcomen’s engine 
belonging to the Natural Philosophy Department, When the 
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mod^l was set to work he was struck with the eiiormous loss of 
steam due to the alternate heating and cooling of the cylinder. 
Watt observed that the cylinder of the model, being small, exposed 
more cooling surface to the steam proportionally than would be 
the case in large engines ; that the brass model cylinder conducted 
heat better than the larger ones of iron ; and tliat to prevent the 
vacuum being destroyed by re-evapoi-ation, the contents of the 
cylinder must be cooled to such an extent that much greater con- 
densation occurred on the fresh steam being admitted. 

Watt s separate condenser. — In 1765 it occurred to Watt that 
a hot cylinder and a good vacuum could be obtained if condensation 
of the steam were effected in a separate condenser. On communi- 
cation being opened between the cylinder containing steam and 
anotlier vessel which was exhausted of air and other Huids, the 
steam, as an expansible fluid, would immediately rush into the 
empty vessel, and continue to do so until it had established an 
equilibrium ; and if that vessel were kept very cool, by an injection 
or otherwise, more steam would continue to enter until the whole 
were condensed. A model was constructed to test this, and was 
found to give satisfactory results. It is interesting to note that 
this model was fitted with the first surface condenser, although on 
the large scale jet condensei-s were used on account of the bad 
water with which engines were frequently supplied. An air pump 
was fitted in order to diaw off water and air horn the condenser. 

In the attempt to keep the cylinder as hot as the entering steam, 
Watt clothed his cylinders with non-conducting materials, and also 
fitted steam jackets round the cylindei-s, which jackets were kept 
supplied with steam from the boiler. 

It is interesting to notice that the same problems of cylinder 
condensation and re-evaporation, and of the action of the cylinder 
walls which led to Watt’s first improvements on the steam engine 
are still the subject of investigation by engineers. 

Watt’s single-acting engine.— In Watt’s earliest engines 
(1769) the action was obtained, as in the Newcomen engine, by the 
production of a partial vacuum beneath the piston. Condensation 
of the steam was effected in a separate condenser. The top of the 
cylinder was closed, and steam at boiler pressure was admitted to 
the space above the piston, thus taking the place of the atmosphere 
m the Newcomen engine. The object of this was to get rid of the 
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cooling action tlie air which oecuned in the uj)pcr portion of 
the cylinder in tlio Newcomen engine. The piston rod passed 
through a liole in the top cover of tlie cylinder, and was rendered 
steam-tight by means of a stutHng-ho.\, Wa.t, tallow, or' other 
grease wa.s used t(> keep the piston .steam-tight and to luln icutc it, 
and the cylinder was jacketed with steam from tlie boiler, tlie 
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• outside of the outer cylinder being clothed with wood or other 
non-conductor of heat. 

Watt’s double-acting engine.— In this engine, patented in 
1782, Watt introduced for the first time the principle of allowing 
the steam to act alternately on the bottom and top of the piston, 
the side opposite that on which the steam is acting at any time 
being in communication with the condenser. This dispensed, for 
the first time, with the necessity of having a balance weight for 
D.s. 2 e 
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drawing the piston to the top of the stroke, and permitted the 
piston rod to both pull and push. Watt also introduced in this 
engine his idea of admitting tlie steam during a portion only of the 
stroke, then cutting off. further supply and completing the stroke 
by utilising the expansive action of the steam. Further evidence 
of Watt’s ingenuity will be found by reference to Fig. 336, in 
wliieh Ills double-acting engine is illustrated. 

Sun-and-planet motion. — In this engine, as in some of Watt’s 
earlier single-acting engines, a rotating shaft A (Fig. 336) is intro- 
duced, driven from the beam B by a connecting rod €. Watt 
devised the crank, but as a prior jwtent had been taken out, he 
used liis sun-and-])Ianet motion instead until the crank patent liad 
expired. The sun-and-planet motion shown in the figure consists 
of a toothed wheel D secured to the shaft, and another toothed 
wheel E of equal size secured to tlie end of the connecting I'od and 
gearing with the first. The connecting rod end was guided to 
move in a circle round the centre of the shaft. With this ai-range- 
ment, two revolutions of the shaft were secured for eacli double 
stroke (one up, one down) of the piston. The crank is univei'sally 
used now. 

Watt’s parallel motion, — To enable tlie piston rod to pusli as well 
as pull. Watt applied tlie parallel motion Mbich now bears his 

name. This arrange- 
ment also served to guide 
the upper end of tlie 
piston rod in a straight 
line. Its simplest form 
consists of two equal 
links AB, Cl) (Fig. 337), 
swinging about centres 
A and A their ends B 
and C being connected 
bv a link. If we first 
put AB and CD hori- 
zontal so that BC is vertical, and then move the links up or 
down, we see that B deviates to one side of the vertical and C 
deviates an equal amount to tlie other side of the vertical, so that 
A the centre of BC, will remain in the vertical. Therefore, for 
some distance on either side of the mean position of the mechanism, 


AO- 


■OD 




B 


Fig. 337.— Watt’s parallel motion Iiaving equal 

aims. 
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P will remain fn a stmiglit line, 
to the top of the piston rocl so as 
If AB and CD are unequal 
(Fig. 338), the deviations of B 
and C will be nearly inversely 
proportional to ^ Z? and CD ; 
of course, it is evident that 
the deviation of B is made 
greater by decreasing the radius 
AB. If, therefore, P is to move 
in a straight line, BP and PC 
must be invereely proportional 
to ^5 and C/), that is, 
BP-.PC^CD\AB. 


d this point may be atUichcd 
guide it in a straight line. 

t 

I 

I 

I 



t 


/ 

Fig. 338.— panllcl motion Laving 
unc<|ual anus. 


The arrangement may be extended to give a second point 
moving in a straight line. In Fig. 339, DB represents one half of 
the beam of the engine, D being its fi.xed centre of vibi ation. A 
is another fi.xed centre, and the links AB, BC, CD form the 
simple parallel motion described above. Supposing C to be the 

middle point of DE, and AB to be equal 


* 

« 

I 



Fio. m-Watt’s parulld 
motion for giving straight 
line motion to poinu. 


to DC, then P, the centre of the link BC, 
will move in a straight line. Adding 
the links FE=BC and FB~EC, so that 
ECBFu a ]>arallelogram in all positions 
of the mechanism, it will be found that 
F also moves in a straight line parallel 
to the line of motion of P. 

Watt used this latter arrangement, the 
piston rod being attached to F, and the 
rod for driving the air pump being 
attached to P. The motion is still used 


for beam engines and also for guiding the pencil in Richard’s 
indicator. 


To secure steady motion, a flywheel F (Fig. 386) was mounted 
on the shaft, which, by its inertia, prevented jerky action ; and, 
to keep the speed of the engine fairly constant, Watt applied a 
centrifugal governor G (previously used for controlling the supply 
of water to water wheels). The governor consists of two heavy 
balls attached to anus jointed to a vertical shaft driven by the 
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engine. Should the speed of rotation increase, fhe balls would 
move outwards and vice versa. This motion was transmitted by 
rods and levers to a throttle valve H placed in the main steam 
supply pipe, and so ai ranged that outward motion of the governor 
balls tended to close the valve, inward motion opening it. Thus, 
on an increase of speed diking place, the governor automatically 
reduced the steam supply and so diminished the speed again to the 
normal. Too low a speed in the engine caused the governor to 
supply move steam to the cylinder by opening the throttle valve 
wider. 


The centrifugal governor is still the most trustworthy means 
have of controlling the speed of an engine and is used extensively 
in luany ditt'erent forms. 

Action in Watt’s double-acting engine.— The cylinder, J, is 
shown in section in Fig. 336, and is fitted with a steam jacket A”, 
and a stuffing-box in the top cover for rendering the piston rod 
steam-tight. Steam and exhaust valves are fitted for each end of 
the cylinder at L, L. These are worked by level's and rods 
operated by the rod which woi ks the air pump. The condenser 
il and the air pump iV are placed in a well, kept supplied with 
water by a pump ll. The injection water required for the con- 
denser is drawn from the well. The water is delivered from the 


air pump to a hot well fiom which the feed pump draws 
the boiler feed water. All the pumps are diiven by rods from 
the beam. As has been mentioned already, this engine is double 
acting ; the steam and exhaust valves are opened at the proper 
instants so as to produce expansive working by tappets on the 
air pump rod. 

High pressure engines. — Owing to the danger of explosion 
incurred by faulty boiler construction, Watt never used pressures 
much higher than that of the atniospliere. To Richard Tievethick 
and others in Cornwall is due the credit of developing engines of 
higher pressure. Early last century the Cornish engine attained 
a high efficiency and is still very favourably known. The Corni.sh 
engine ha.s a single cylinder, using high-pressure steam expansively, 
and is fitted with a condenser. 

Compound engines.— The first compound engine was patented 
in 1781 by Hornblower. In this engine two steam cylinders were 
used, and the steam, after being employed in the fii-st cylinder, 
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was passed inti the other to perfoi'tn wru k on the second piston 
by its expansive action. As a se|)ariite condenser and air pump 
were employed, the engine was an infiingenienton Watt’s |)atonts, 
and its inamifaotui e was dropped. 

The compound engine was revived by Woolf in 1800, but fell 
into disuse until 184'), wlien JUNaiiglit Tnotlilied .some existing 
beam engines by adding anotlier cylinder, and so converting them 
into compound engines. Such er>gines at this jicriod began to be 
used for marine purposes, and in the hands of marine engineers 
the development was i'a|)i<l. At the piesent time marine engines 
for propeller propulsion are generally of the ti’iple expansion 
type, the steam being used three times pi(»gre.ssivc‘ly in separate 
cylinders. 

Early marine engines.— The first practical steamer was run in 
1802 by William Symington on the Forlli and Clyde Canal. This 
steamer— the Charlotte Dundas — was a stern-wheeler, i.e. liad one 
paddle wheel working at the stern. Owing to injury to the hanks 
of the canal, the idea was not further developed. 

In 1807, Robert Fulton in Americji fitted the Clermont with 
engines constructed by Boulton & Watt, and ran her successfully. 
The Cornet^ constructed in 1812 by Henry Bell on tlie Clyde, was 
fitted with side-paddles, and was also successful. Tlie invention of 
the screw-propeller was later, and tliis means of propulsion was 
perfected by Ericsson. 

Early locomotive engines.— Richard Trevethick in 1802 
patented the fil-st steam carriage to rim successfully on rails. 
This engine attained a speed of 5 miles per hour on the Merthyr 
Tydvil Railroad in South Wales in 1805. In 1829, the Rocket, 
constructed by the Stephensons, by its succe.ss in the trials against 
other competitors on tlie Stockton and Darlington Railroad, 
ensured the adoption of locomotive haulage in pi-eference to horse 
or cables driven by stationary engines. The most important points 
about the construction of the Rocket were the introduction of the 
steam blast in the chimney for urging the fires, and, for the first 
time, the use of a multitubular boiler. 
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EXERCISES ON CHAPTER XXII. 

1. Give sketelies atul explain the action of Savery's engine. 

2. Describe the working of tlie piilsomcter. Give sketches. 

3. Sketch the cylinder of Newcomen's engine and as much of the 
mechanism as will enable you to give a description of tlie working of 
the engine. 

4. Mention Watt’s principal improvements in the steam engine. 

6. Sketcli the cylinder of Watt's double-acting engine. Explain 
liow the steam was distributed. 

6. Wliat are tlie functions of Watt's p.irallcl motion ? Explain how 
two points may be obtained in the mechanism to each of which a 
piston rod may be connected. 

7. Why did Watt's invention of the condenser effect a great 

economy? Why does condensation take place in the cylindeis of 
modem engines, and how do we attempt to get rid of it ? 1897. 


MISCELLANEOUS EXERCISES 


FROM RECENT BOARD OF EDUCATION EXAMINATION 

PAPERS. 

1. Describe clearly, with sketches, the working of any single 

pylinder dii’cct acting noti-condensing engine with slide valve and 
eccentric. Do not give too much detail, but show that you under- 
stand liow the piston and stntling-l)ox are made steam-tight ; how the 
piston is fastened to the ro<l ; liow tlie ends of the connecting-rod are 
made ; the action of tlie governor and of tlic flywheel. 1897. 

2. Sketch and describe the construction of tlie air pump bucket 

with its valves and packing, and show how it is worked in connection 
with a jet condenser. Of what materials arc the body of the bucket 
and of the valves resiicctively made ? 1897. 

S. Explain and show, with sketches, the constnietion and action of 
the force-pump employed for feeding the water into a Iniiler when an 
injector is not used. Sketch also in section tlie “ clack ” or non-retum 
t’alve attached to the lioiler. How is tlie pump pi-eventcd fium forcing 
water into the Iwiler when the engine is ninning, but a supply of u ater 
is not required ? 1897. 

4. Describe and sketch a Lanca.shire lioiler and its seating. What 

precautions are taken in stoking to prevent smoke from the furnace of 
such a boiler? How are the ends strengthened and how are they 
fastened to the shell? 1897. 

5. Describe with sketches the bed or frame of any engine with 
which you are acquainted. 

If you choose either — 

(1) A large or small stationary engine, horizontal or vertical ; 

(2) A locomotive engine ; 

(3) A marine engine ; 

(4) A gas or oil engine ; 

Bketeh carefully how the cylinder is attached to the frame, and how 
the slide or slipper Is guid^ in tlie engine yon select ; show also the 
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crank shaft hearing, and liow the frame is itself attached to, ’or 
supported from, the ground or to the frame of the ship. If you are 
better acquainted with the construction of a steam turbine or an 
impulse wheel, describe and sketch one of these instead. 1898. 

6. Describe with sketches a boiler of any kind. You need not 

sl>ow any fittings. What are the most important things to remember 
in connection \rith the furnace and flvie parts? 1898. 

7. Answer only one of the following questions, A, or G: 

A. Sketch and doserihe the staying of the top and sides of a 
locomotive fire-box, and how the fire-bai's are supported. 

li. Sketch and describe the construction of the front end plate of 
cither a two-flued Lancashire Ixuler or a marine boiler (not a water 
tube boiler), and show how it is connected with the shell plates, and 
Iiow it i.s otherwise strengthened or stayed. 

C. Sliow by sketclics how the piston-rod and connecting-rod are 
attaeljcd to tlie crosshead. With a crank of one foot and connecting- 
rod 5 feet, find by construction the distance of the piston from the 
near end of the stroke when the crank stands at 30'’ on either side of 
each dead point position. 1899. 

8. Answer only one of the following questions. A, B, or Ci 

A. Sketch in position in the frame and describe any con.struction of 
axlc-bo.x of a locomotive engine with which you are acquainted, and 
show the arrangement of the springs. 

B. Sketch and de.scribe a tube igniter, and how the timing valve 
is worked, in, say, a 20 horse-power gas engine. 

C. Sketch the main casting of a large jacketed cylinder, and describe 

clearly how tlie cylinder liner and valye scat are attached. 1899. 

V • 

9. What additional parts are required in order to convert a non- 
condensing into a condensing engine? Under what eircumstances is it 
better to use a condensing engine? When is it necessary to use a 
surface condenser? How is a surface condenser constructed? 1899. 


10, Describe, with sketches, either a gas or oil engine, and show by 

a diagram how it uses the Otto cycle of operations. Sketcli the 
cylinder showing piston, water jacket, valves, shape of clearance space, 
and Itow the exliaust is provided for. 1899. 

11. Try only one of the following («), {h), or (c) ' 

('0 Describe with sketches the crank pin end of any connecting- 
rod. 


[h] Describe with sketches any form of locomotive ragulator valve to 
admit steam from the boiler to the cylinder steam chests. 


(c) Sketch in section a gas engine cylinder, showing 
piston. 


the valves and 
1900. 
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12, Try only*onc of tl>e following (a), (6), or (c) : 

(a) Describe willi sketche.s a Parsons steam turbine. State wliy it 
is necessary to make the steam go in series tliroiigh nmny elementary 
turbines. 

{{i) Describe a mechanical stoker and how it acts. Under what 
circumstances is its use perfcrable to hand tiring. 

(c) Sketch in section lialf tlie crank-shaft of an inside cylinder 
locomotive, describing the construction of the crank and driving wheel, 
and showing also the two eccentric discs. 

13, Describe, with sketches, only one of the folhtwing («), [h), (c), or [d) : 

(a) Any kind of cro,sshead, showing ends of piston rod and con- 
necting rod and guide. 

{Ii) A gas nr oil engine cylinder, showing valves and pis^ton. 

(c) A surface condenser, sliowiiig the stays ami tlic attachment of tlic 
tulx;s. 

(d) An air pump, showing foot, bucket, and delivery valves. 11)01. 

14, Describe, with sketches, onlyo«»^of the following (nliffi), (<*), or(dl : 

(ffl) Locomotive cylinders, and how they are fastened to the side 

frames. 

(Ij) A steam or gas engine governor, and how it regulates. 

(c) A spirit or oil engine for a motor car, .'showing how it drive.s the 
the car and how it works. 

(d) The fniine of a marine engine, showing how tlic pumps arc 
tvorked. 

16. Answer only one of the following (a), (?»), or (c). Dcsci ihe how 
you would experimentally determine : 

(a) How the pressure and temperature of steam depend upon one 
another. Why must there Iw no air present ? 

(fc) The calorific power of any kind of burning gas. 

(c) The latent heat of steam. 


ic. Describe, with sketches, only owe of the foUowing(a),(fi), (c), or (d) : 
(a) A piston slide valve and its .scat, showing picking and ports. 

{h) Any engine, steam, spirit, or oil used on motor cars. 

(r) Any link motion or other reversing gear to work a slide valve 
with wliich you are acijuainted. SUtc exactly what is tlie effect oi 
altering the gear. 

(d) Either a Geinel or Sirius or Turnbull or Lancaster steam trap. 

^ 1902. 


17. Describe, with sketches, only one of the following (a), (i<), or (c) : 

(n) A double-ended cylindric marine boiler : the usual poiiitions of 
joints of plates and of stays to he indicated. Where and why is 
leakage probable under forced dninght? 
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(b) Any water-tulw boiler ; the general construction to be clearly 
shown: some one part shown in good detail and more carefully 
described. 

(c) A steam Iwilcr for a traction engine or a motor car, the fuel being 

oil or spirit. Describe carefully any appliance necessary in this Iwiler 
which is not usually found on a stationary boiler. 1902. 

18. Describe, with good sketches, some one important detail of a 

modern steam or internal combustion engine with which you are Mell 
acquainted. If, for example, tlie crank pin and the end of llie con- 
necting rod be shown, it is of no use merely indicating the existence of 
a bolt and nut ; the Iwlt and nut, and tiie method of locking the nut, 
must be clearly shown. Again, it is no use making a sketch of .«o 
mucli of any engine that details cannot be clearly sketched. For 
example, a wliolc governor with its gear would l)e too much, but 
certain parts may be chosen. 1903. 

19. Describe, with goo<l sketches, some one important part of any 

kind of boiler. For example : a fitting like a safety valve ; the staying 
of the fire-box crown of a locomotive ; the arrangement of a furnace ; 
a feed water heater ; gauge glass and connections. (The remarks in 
the previous question apply here also.) I9f)3. 

20. In connection witli tlie steam or gas or oil or spirit engine work 

with wtiich you are acquainted there is testing of some sort to be done 
requiring careful measurement of work or heat. For example : finding 
tlie calorific power of coal, gas, or oil ; finding the latent heat of steam j 
or how its pressure depends upon the temperature ; or finding the 
wetness of steam during an engine test ; comparing the power of an 
engine and the quantity of heat or of steam, gas, or oil raised per hour. 
Describe, with sketches, some one such teat. 1903. 

21. Answer and illustrate by good sketches either (a) or {h), but 
not both : 

(a) In reference to any modern example of a steam, gas, oil, or spirit 
engine you like to select, how is leakage prevented past the piston? 
also past the piston rod if a steam engine is chosen ? 

(/>) Describe the construction of a steam engine cylinder, showing the 
ports and the steam inlet and outlet, but omitting the covers of the 
cylinder and steam chest. 1904. 

22. Answer and illustrate by good sketches either (a) or {h), but not 
both, in reference to the type of modem steam boiler with which you 
are best acquainted : 

(a) Show tlie arrangement for feeding the boiler with M-ater under 
pressure. 

(A) Explain how the steam is brought to the cylinder as dry as 
possible. Describe a valve for shutting off the supply of steam. IIMVI. 

23. Describe how you would test a lioiler for strength, or an 

indicator for accuraev, or a feed-water meter. Choose only one of 
these. 1904. 
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04 What oAiurs to the co.'il and its constiUitents in the fnni.icc of 
fliiv boiler’ Choose some boiler witli whieli yon are well ftcqimmlwl. 
mat becomes of the heat developed? Trace tl.e pr^lncU of c<.n.. 
bustion alone the flues as they get cf)olcr, and say uhat is the natiue 
and state of these products and why the licnt is leaving them. 


26. Descrilie, with sketches, one, and only one, of the following 

(a), (6). (c), (d), or {€) : w . • 

(a) The piston of a large steam engine, its packing and fastening to 

the piston rod. 

{h) The piston, piston rod, and ciosshead of a hKomotive. 


(c) The cylinder of a gas engine. 

{(1) The vanes and mouthpieces of an impulse steam turbine. 

(€) The cylinder, valves, and igniting an angement of a petrol engine. 


26. Describe, with sketches, one, and only one, of the following 

(a), (5), (c), or (d) : , . * • , 

(n) The smoke box of a locomotive showing exhaust steam pipe and 

cylinder fastenings. 

A marine safety valve, or a dead weight safety valve, sliowmg 
Beating block. 

(c) The general arrangement of any water* tube boiler, some one 
detail being entered into fully. 

(d) A Bourdon pressure gauge. 

27. Describe, witli good sketches, one, and only one, of the following 
(a), (t), fc), or (d) : 

(a) The crank shaft bearing of a honwmtal or vertical engine. 

[h] The crank axle of an inside cylinder locomotive. 

(c) The piston of a gas or petrol engine, showing the packing, and 
the pin to which the connecting rod is attaclied. 

(d) The rotating part of a Parsons or other steam turbine, showing 
how the vanes arc fixed. 


28. Describe, with good sketches, one, and only one, of the following 
(o), (b), (c), (d), or {€) : 

(а) A steam stop valve of the screw-down tj-pc. 

(б) A locomotive regulator valve of any tj-pc. 

|r) Two forms of boiler stays, staling the use of each. 

(d) The front plate of a Lancashirc, Cornish, or return tube marino 
boiler, showing how the boiler shell is attached. 

(e) The carburettor of a petrol or oil engine. 1906. 


29. Sketch and deseril>e briefly the construction of a piston, showing 
how it is made steam-tight. Sketch a gland and stuffing-liox, and the 
crank pin end of a connecting rod. 1898. 
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30. Wliy do we regulate an engine witli both a flywheel and a 
governor? Explain clearly how each effects the regulation. 1900. 

ffi. What is meant by “ Sensible Heat,” “ Latent Heat,” and “Total 
Heat of Evaporation”? Calculate the total heat in British Thermal 
Units reciuired to convert 30 lbs. of water at 62’ F. into steam at a 
temperature of 212’ F. 

If a pound of coal develops 14,000 units of heat during its combus- 
tion, how many pounds of coal would be required to convert the 
30 lbs. of water into steam under the al>ove conditions, if there was 
no loss of heat in the operation? 1896. 

32. Describe carefully how you would measure the pressure of 
steam at various tcn»peratures. Show, roughly, what kind of curve you 
would obtain if you expressed your results on squared paper. 1898. 

33. The heat required to convert a pound of water at 0’ C. into a 
pound of steam at 6' C. is 

H = 6l)t)-5-i-O-3O.i0. 

Hwv much is this if the steam is at ISO’ C. ? How much of this is 
latent heat ? If the water had been at 40' C. to begin with, what total 
heat was needed ? 1905. 


34. State tlio following amounts of energy in foot-pounds : 

(n) A weight of one ton which may fall vertically 10 feet. 

{/<) 3 lbs. of water raised 20 degrees Centigrade. 

(c) One horse-power hour. 

(d) 3 watts for 2(X) liours. 1901. 


fl/35. What do Me mean by Morking steam expansively? Steam at 
60 lbs. per stp in. ab.solutc is used in a cylinder wliose stroke is *2 feet, 
ami expansion begins uhen one-quarter of the stroke has been 
performed. What are prolxible pressures at half, three-quarters, 
and llie end of the stroke? ShoM- your ansM'ers in a diagram. Find 
the average pressure. 1898. 

?'*f'36. Steam enters a cylinder at 180 lbs. pressure per square inch 
(absolute) ; is cut oH'at one-third of the stroke, and expands according 
to the law “pe con.stant.” Find the average pressure (absolute) during 
the foiward stroke, neglecting clearance. If the back pressure is 
17 lbs. (absolute) per square inch, M’hat is the average effective 
pressure ? If tlie area of the cross-section of the cylinder is 112 square 
inches and the stroke is 24 inches, what work is done in one stroke ? 

. , 1900. 

. 1 V ' 

z A steam engine lias a steam cylinder of 20 inches in diameter, 
I the crank measures 18 inches from the centre of crank-shaft to centre 
of crank-pin, the engine runs at 8.5 revolutions per minute, and the 
mean effective pressure of steam on the piston is 28 lbs. per square 
inch. Find the indicated horse-poiver of the engine. 1896. 

— r, 
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38. What infljrmation ought U) he found written Iw.side an indicator 
diagram? How would you proceed tf)fiml tlic indicated horj-e-power? 
The average breadth of the two diagrams on one card is l ot) inclies. 
Seale, 3 *j. Piston, 12 inches diameter. Crank, 1 fool. 110 revolu- 
tions per minute. Find the indicated Innse-mjwor. Wliat is the 
actual liorse-jwwer given out hy the crank-sliaft likely to he? 1H1)7. 


^l^^vStcam enters a cylinder at 150 Ihs. (absolute) per smiare inch. 
It is cut oil at one-fourth of the stroke and exjNinds according to tlie 
law "pv constant.” Find the average pressure (absolute) in th<! 
forward stroke. If the Iwck pR‘ssurc is 17 lbs. (absolute) per scjuare 
inch, what is the average effective pressun-? If the area of tlie cross- 
section of the cylinder is 12(5 squaix* inches, and the crank is 1 1 indies 
long, what work is done in one stroke? Neglecting clearance and 
condensation, what volume of steam enters the cylinder per slioke? 

I'JUl. 

40. U.sing the formula pr‘'®®‘®=47n. find the volume of 1 lb. of the 
steam admitted to llie cylinder in Question 30. What ueiglit of steam 
is actually admitted to that cylinder per stmkc? Or you may use 
instead of the formula, tlie following information and sijuared paper: 
Steam at 150 Ihs. pre.«.<urc is at ISr C., and tlie following numbers aro 
known : 


Temperature 

175 C. 

180’ C. ' 

1 

18.V C. 

Volume in cubic feet of 1 lb. of steam • 

3-419 

3 -065 

1 

2-750 

1 



1901. 

41. Make a sketch and describe the construction of an eccentric 

sheave and strap. Show the position of the crank-shaft through the 
eccentric, and indicate on your skctcli the throw of the eccentric. 
Name the materials of which the several jwrts of the eccentric are 
made. 1896. 

42. Describe and sketch a slide valve, describe hou’ it distributes 

the steam, and how it is worked. What are meant by tlie terms lap, 
half-travel, inside lap, and advance ? 1898. 

43. Sketch a simple slide valve showing cylinder ports, and the 

valve-chest. Wliat do we mean by oniside lap of a valve ; inmh lap ; 
advance; leadl What is the effect of each of these on the indicator 
diagram? 19(Xl. 

44. If cut-off takes place on both sides of a piston when the crank 

mSikcs an angle of 90° with the dead point ; (1) assuming connecting 
rod infinitely long ; (2) assuming connecting rod four times length or 
crank ; find in each case for each side of piston the fraction of stroke 
at which cut-off takes place. 1901. 
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45. If a piston with its rod weighs 290 lbs., and*if at a certain 
instant when the resultant total force due to the steam pressure is 
7 tons, the piston has an acceleration of 420 ft. per second per second iu 
the same direction, what is the actual force acting on the erosshead? 

1000 . 

46. One pound of fuel contains 0‘8 lb. of carbon and 0‘15 lb. of 

hydrogen and no free oxygen or nitrogen : what weight of oxygen is 
needed for complete combustion ? What weight of air ? 19Uo. 

47. Wliy is priming such a great evil? What is the cause of the 

condensation of steam in a cylinder before cut-off? How do wo try to 
diminish it? 11^98. 

48. Explain the difference between a simple non-condensing engine, 

a condensing engine, and a compound non-condensing engine. Trive 
outline sketches of the general arrangement in a horizontal engine of 
each of the three classes. 1896. 

49. An engine whose speed and cut-off do not alter, uses U'lbs. 
steam per hour wlien its actual ho:-sc-power is P, and \V and P have 
been carefully measured during three long tests. 


p 

152 

110 

56 

w 

3190 

2630 

18:)0 


What is the probable W when P is 12i> horse-power? In each of the 
four cases find tlie steam used per horse-power hour. 1903. 



COUKSE OF LABORATORY WORK. 


Generallnstructions.— Two Lubordtoiy Note-books are required; 
in one rough notes of the experiments should be made, and in tlie 
other a fair copy of them in ink sliould be entei-ed. 

Before commencing any exjieriment, make sure that you under- 
stand what its object is ; also tlie construction of the apparatus and 
instruments employed. 

Reasonable care should be exercised in oitler to avoid damage to 
apparatus, and to secure faii-ly accurate resulU. 

In writing up the results, enter the notes in the following order: 

(1) The title of the experiment and the date on whicli it was 
performed. 

(2) Sketches and descriptions of any special appai-atus or instru- 
ments used. 

(3) The object of the experiment. 

(4) Dimensions, weights, etc., i-equired for working out the 
results ; from these values calculate any constants required. 

(.5) Log of the experiment, entered in tabular form where 
possible, together with any remarks necessary. 

(6) Work out the results of tlie experiment and tabulate them 
where possible. 

(7) Plot any curves required. 

(8) Work out any general equations required. 

Notes should not be left in the rough form for several days ; it is 
much better to work out the results and enter them directly after 
the experiments have been performed. 
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TEMPERATURE. EXPANSION. 

1. Determination of the freezing point error of a thermometer.— 
Perform the experiment as directed (p. 21). 

2. Determination of the boiling point error of a thermometer.-' 
Follow the directions given (p, 22). 

3. Determination of the graduation errors of a thermometer. - 
Perform the experimejit as ijidicated (p. 23). 

4. Expansion of a metal tube.— Perform the experiment as directed 

(p. 27). 

5. Expansion of water. -Perform the experiiiieut as directed 

(p. 27). 


HE.\T AND ITS MEASUREMENT. 

6. Temperature of mixtures of water.— Perform tlie experiment, 
following tlie directions given (p. 31). 

7. Convection currents.-Perform the experiment as directed 
(p, 34). (iive a sketch showing by arrows the directions of the 

currents. 

8. Temperature of mixtures.— Perform the experiment as in- 
dicated (p. 35). 

9. Specific beat of solids.— Determine the specific heats of the 
samples of iron, copper, brass, etc., supplied to you (p. 3fi). 

10. Relative values of non-conducting materials.— Perform the 
experiment as directed (p. 3/). 


PROPERTIES OF GASES. 

11. OonunoE Uarometer.-Perform the experiment as directed 
(p. 43). 

12. pressure of the atmosphere. -Perform the experiment and 
make the required calculations (p. 44). 

13. veriheation of Boyle’s law.-Perform the experiment as 

directed (p. 47). 
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PROPERTIES OF STEAM. 

14. lateot heat of ice.— Perforin the experiment as directed 
(p. 59). 

15. Latent heat of steam at atmospheric pressure.— Perform tlie 
preliminary e.xperiiuent (p. 60). 

16. Latent heat of steam at atmospheric pressure.- Perform the 
experiment as given (p. 63), taking the precautions stated and 
making the required corrections. 

17. Superheated steam.— Perform tlie experiment as directed 
{p. 63). 

18. Relation of j) and t for saturated steam.— Perform the experi- 
ment as indicated (p. 65). 


USE OF INDICATORS AND BRAKES. 

19. Attachment of the indicator and gear.— Carry out the in- 
structions given (pp. 97, 104). 

20. Attachment of the brake.— Carry out as directed (pp. 103, 104). 

21. Taking indicator digrams.- Follow the directions given 
(pp 98, 104). 

22. Brake horse power.— Carry out as directed (pp. 103, 104). 


SLIDE VALVES. 

23. Valve for non-eipansive working. — Perform the experiment as 
explained (p. 111). 

24. Valve for expansive working.- Perform the experiment as 
directed (p. 115). 

25. Valve having inside lap. — Perform the experiment as indicated 
(p. 116). 

26. Practical case of a slide valve.— Perform the experiment, 
following the instructions given (p. 117). 

27. Unk motion.— Perform the experiment as directed (p. 122). 

D.s. 2 f 
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28. Inertia of a vibratii^ weight.— Perform the experiment as 
directed (p, 133). 

29. Gyrostatic effect of a revolving wheeL — Perform the e.xperi- 
nient as explained (p. 142). 

30. Effect of fluid pressure on a curved flattened tube.— Perforo; 
the experiment as directed (p. 183). 

31. Heating value of coal.— Test the sample of coal supplied tc 
you, following the instructions (p. 231). 

STEAM ENGINE TRIALS. 

82. Mechanical efflciency of the E.P. side of a compound engine.- 
Follow the directions laid down (p. .358). 

33. Mechanical efficiency of the LP. side of a compound engine. — 
Follow the directions given (p. 359). 

34. Mechanical efficiency of a coupled compound engine.— Carry out 
as directed (p. 359). 

35. Steam consumption of an engine.— Follow tlie directions laid 
down (p. 3GO). 

STEAM BOILER TRIALS. 

36. Evaporative capacity of a steam boiler.— Carry out the test as 
directed (p. 364). In working out the results, follow the plan 
shown in the example (p. 366). 

37. Dryness fraction of steam.— U.se the separating calorimeter 
and follow’ the directions given (p. 370). 

38. Dryness fraction of steam. -Use the throttling calorimeter and 
follow the directions given (p. 371). 

INTERNAL COMBUSTION ENGINE TRIALS. 

39. Heat disposal in a gas engine.— Follow tlie methods described 
in (,'liapter XXI. 

40. Heat disposal in an oil engine. — Follow the methods explained 
in Chapter XXL 


IWLATHEMATICAL TABLES. 

USEFUL CONSTANTS. 

1 inch =2'.54 cctitiiiietre!;=:2.V4 millimetres. 

1 metro =39‘.'i7 inches. 

5280 feet =1 mile. 

1 kilometre =0'62l mile. 

1 square inch =f)'45 square centimetres. 

1 square metrc= 1550 square indies. 

1 cuhic inch = cubic centimetres. 

1 cubic metre =01.025 cubic indies = r.308 cubic yards. 

. 1 litre = 1000 cubic centimetrc8= I 'TOl? Jiint. 

1 gallon =0 1605 cubic foot=4‘541 litres. 

s 

1 radian =57 '3 degrees, 

ff =3i4l6. 

1 knot =6080 feet per hour. 

60 miles per liour = l mile per minntc=88 feet per second. 

The value of y at London=32*182 feet per sec. per sec. 

One pound avoirdupois=7000 grains=453'6 grams. 

One kilogram =2'205 pounds. 

One gallon of pure water at 62* F. Aveighs 10 lbs. 

One cubic foot of pure water at 62* F. weighs 62‘3 lbs. 

Weight of 1 lb. in London =445,000 dyne.s. 

One cubic foot of air at 0*C. and 1 atmosphere pressure weighs 

0 0807 lb. 

One cubic foot of hydrogen at 0° C. and 1 atmosphere pressure weighs 
0-00559 lb. 
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1 atmosphere= 14'7 Uis. per square inch 
=2116 lbs. per square foot 
= 10 ** dynes per square centimetie nearly. 

1 kilogram per square centimetre= 14'22 lbs. per square inch. 

A column of mercury 760 millimetres ( = 30 inches) high produces a 
pressure at its base of 1 atmospljei-e. 

A column of water 2 3 feet high produces a pressure at its base of 1 lb. 
per sq. inch. 

1 foot-pound =l'3562x 10' ergs. 

1 metre-kilogram =7‘2^15 foot-pounds. 

1 horse power =33,000 foot-pounds per Jiinute=746 watts. 

1 horse power-hour = 33,000 X 60 foot-pounds. 

Volts X amperes = watts. 

1 electrical unit = 1000 watt-hours. 

1 P.T.U. =|r Ib.-dcgrec-Cent. unit 

=252 gram-calories. 


Absolute temperature t = 1'‘C. -t 273*7, 

=t’K.+46l. 

Regnault’s ;/=r)06*r)-t- *305 t“C. (Centigrade units.) 

= 1082 -i-*305/'’F. (Fahienheit units.) 

. ,*• Ti f 774 ft. -lbs. = 

Joule’s equivalent to suit Regnault s ir - 1 _ 


1 Fah. unit, 
i Cent. unit. 


- 479 . (Zeuncr’s formula.) 
pV^' =470. (Rankine’s formula.) 
log,.,, =0-1007- (Rankine’s fomula.) 

where 7 )= pressure in lbs. per sq. inch. 

V= volume in cubic feet per pound of steam, 
r = absolute temperature Centigrade. 
log,.,B=3*I8T2. 
log„C=r>-0881. 

To convert common into Napierian logaritbnis. multiply by 2*3026. 
The base of the Napierian logarithms is e=2*7183. 
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Napierian or H3rperbolic Logarithms. 


No. 

Log. 

No. ^ 

1 

Log. 

1-11 

01043 

4 

1 -3864 

1’143 

i 

01335 

5 


1-25 

0-2231 

6 

1-7919 

1-33 

0-2853 

7 

1 -9459 

1-43 

0-3576 

8 


1-6 ! 

0-4700 

9 

2-1971 

1-66 

0-5068 

10 

2 •30-26 

2 

0-6931 

11 

2-3979 

2-5 

0-9162 

1-2 

2-4850 

2-66 

0-9784 

13 

2-5649 

3 

1-0986 

14 

2 -6390 

3-33 

1-2029 

1 

15 

2-7081 


'lliis table has Iwcn calculated for those numbers onl}'^ wliieli most' 
oommoiily occur os ratios oi expansion. 
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Properties of Steam. (Centigrade Units.) 


Temper- 

ature, 


CD 

70 

75 

tiO 

'85' 

90 

95 

100 

105 

110 

115 

120 

125 

130 

135 

140 

145 

150 

155 

100 

165 

170 

175 

ISO 

185 

198 

195 

200 

200 

210 

215 


Pressure. 

Lbs. per 
sq. iiHib. 

Lbs. per 
8q. fgoL 


Hiiil Units (Cciil.). 



0-607 

0- 80G 
106 

1- 38 

1- 78 

2- 27 
2-88 

3- 62 

4- 51 

5- 58 

6 - 86 
8 -.38 

10-16 
12-26 
14-70 
17-53 
20-80 
24-54 
28-83 
33-71 
39-2.5 
45-49 
52 52 
60-40 
69-21 
79-03 
89-86 
101-9 
115-1 
129-8 
145-8 
163-3 
182-4 
203-3 
225-9 
250-3 
27*l-9 
305-5 


65-06 700-8 
87-40 i 530-7 


11)8-6 '244-6 
25)i-0 ' 192-'> 
3-27-0 tl.V>-8 


626 3 
627-8 
629-4 
63«-9 
632-4 


637 0 



12-12 
10-51 
9-147 
7-‘«i5 
7-OOtl 
6-168 
5-446 
4-827 
4 290 
3-8-23 
3-419 
3-065 
2-756 
2-482 
2-242 
2 031 
1-843 
1-676 
1-529 


640- 9 

641- 6 
613-1 
644-6 

646- 1 

647- 7 
649 2 
650-7 
652 2 


655-3 




658-3 
6.59-9 
661 -4 
062-9 
664-4 
666 0 
667-5 

669- 0 

670- 6 
672-1 


25 02 


2 

218-9 


Exteriirtl liitriiisi' 
woik ciicrL'.v 


cvni.cira 


561-1 
557-6 
.5:i4-l 
5.50 6 
.')47-l 
543-6 
540-0 



533-0 

529-4 
.•.25-8 
:i 


Rnn 


.5 

.Ml-6 
508 0 
504 4 
500-8 
4117-2 
493-5 
489-9 
486-3 
•> 



29- 92 

30- 51 
31 06 



:t;?-30 

33- .'4 
:i4-34 

34- 87 

35- 37 

35 - 85 

36- 37 

36 - 88 

37 - 39 

37 - 8.5 

38 - .32 
.^ 8-79 

39- 23 
39 70 

40- 15 

40- .58 

41- 02 
41-40 

41 - .-^3 

42- 23 

42- 64 
43 00 

43 - 40 

43- 76 

44- 14 

44- 48 
41-83 

45 - 0 

45 -.50 


46-17 

46.52 

46- 80 
4710 

47 - 42 
47-68 

47- 97 

48- 27 


.577 -5 
57S-4 

579- 4 

580- 4 

581- 4 
.582-3 

8 
8 

811-3 
■8 

5S8-4 
.589-4 
r>90-4 
.591 -.5 
5 iiH 
.593^6 
594-7 

, 595-8 

.596*8 

597-9 

599- 0 

600- 2 

601- 3 

602- 4 

603- 5 

604- 7 
(0.5*8 
606-9 
608-1 
G09-3 

610- 5 

611- 6 
612-8 
014-0 

615- 2 

616- 4 

617- 6 

618- 9 
020-1 




6 - 22-6 

623*8 


This table is extracted, with permission, from The Sifnnt Eufitne and 
Ooi and Oil Engines, Prof. John Perry, F.R.S. (Macmillan.) 
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Boiling points of water at pressures near standard 

atmospheric pressure. 

(The pressures are given in mm. of mercury at a temperature of 0®C. 

situated at the sea level in latitude 45°.} 


Pro^Aure 

mm. 

Temp, 
deg. Cent. 

Pressure 

mm. 

1 

Temp, 
deg. Cent. 

Pressure 

niio* 

Temp, 
deg. Cent. 

V ■ 

Pressure 

mm. 

Temp, 
deg. Cent. 

733 

98-9039 

745 

99-4449 

m 

99-8897 

769 

100-3286 

734 

99-0318 

746 

•48'>2 


•9265 


•3649 

735 

•0695 

747 

•5194 


•9633 

771 

•4012 

73(5 

•1073 

748 

"5567 

760 

100 -0000 

772 

•4.374 

737 

•1449 

749 

•5938 

761 

•0367 

773 

•4736 

738 

•1820 


•6310 

762 

•0733 

774 

‘5098 

739 

•2-20-2 

751 

•66SI 

763 

•1099 

775 

•5459 

740 

1 

•2577 

752 

•7051 

764 

•1465 

776 

•5820 

741 

•2953 

7.53 

•7421 

765 

•1830 

777 

•6180 

74*2 

-.33-27 

754 

•7791 

766 

•2194 

778 

•6540 

743 

•3702 

7”)5 

•8160 

767 

•2559 

779 

•6900 

744 1 

•4075 

7.56 

•8529 

768 

•2923 

780 

•7259 


This table is taken, M itli permission, from Edser’s Heat for Adtanced 

Students. (Macmillan.) 


Table of coefficients of linear expansion. 


(These are given as the increase in length which a bar of unit length 
undergoes when*heated through one degree Fahrenheit.) 


Steel alloyed with 36 % nickel 
Wrought-iron and mild steel 
Cast-iron . . . • 

Copper 

Zinc 

Brass 

Phosphor-bronze ■ 


0-000000483 

0-00000673 

0-0000063 

0(K)00096 

0-0000162 

0-0000105 

0-0000107 
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' Table of Specific Heats. 


Aliiniiiiium 

C<)|)|K'r 

Iron 

Load 

Nickol 

Platinum - 

Tin . 

Zinc 


UIOh; 

o-?»:?I47 

ora 


LOGARITHMS. 



2 3 4 5 





8 9 



4 5 6l7 8 






S2S 0$04 08W 


492 1523 1553 


r 

[Q^ 


0645l00S2 


. 4 9 13 17 2126 30 34 38 

2 1 0253 0294 0334 0374 4 $12 10 20 24 23 32 30 

4 8 12 15 19 23 27 81 35 
0645 0CS2 0719 0755 4 7 11 1510 22 26 30 33 

3 711 f4 18 2l 25 23 32 
9 1001 103S 1072 HOC 3 7 10 14 17 20 24 27 31 

3 7 10 1316 20 23 26 80 
303 1335 1307 1399 1430 i 7 10 131019 22 25 20 

3 6 9 12 1519 22 25 28 
1044 1073 1703 1732 3 6 9 121517 20 23 20 


9 100ni03S 1072 


81$ 184711875 


2041 2068 2005 2122 2148 
2304 2330 2355 2380 24 


2553 2577 2601 2025120 


2810 2833 2850 1 2S 


1931 1 1959 1987 2' 


3 6 9 11 1417 
3 6 $ 111417 


3 5 8 11 14 )0 
2201 2227 2253 2279 3 5 8 10 13 10 1 21 23 

3 5 8 10 13 15 1 18 20 23 
2455 2480 2504 2529 2 5 7 10 12 15 

2 5 7 


2 209512718 2742 2705 2 


2 5 7 


xilwmyx] 


2945 2907 2989 1 2 4 0 8 



3424 
3017 
3302 

3970 
4150 
4314 
4472 
4024 

4771 
4^U 
5051 5065 
5l$5 5198 
5315 5328 


5441 5453 
5503 5575 
50S2 5094 
5793 5^09 
59U 5922 5933 

0021 6031 6042 
0128 6138 0149 
C232 0243 0253 
0335 0345 0355 
0435 0444 0454 


2 3054 3075 

3 5203 3284 3J 
3404 3133 3502 

55 3074 3092 
38 3350 38 


3160 8181 820112 4 6 
3305 8385 S404I2 4 0 



3500 3579 
3747 3706 
3927 89 

82 4099 
49 4205 I 423 
78 4393 4409 4425 

33 4518 4504 4579 

33 4098 4713 4728 4742 

4814 1 4829 4813 4857 4871 48S6 

<3 4997 5011 
5132 5145 
5203 5276 

53 1 5306 1 5378 1 539! 5403 1 5416 


2 4 6 
2 4 6 
2 4 5 

2 3 5 
2 3 5 
2 3 5 
2 3 5 
1 3 4 

1 3 4 
5038 I 3 4 
5172 1 3 4 
5362 1 3 4 
3 13 4 


10 10 21 
16 18 21 
10 18 20 


15 17 10 
14 10 ]>. 


5 


7 910 1214 15 
7 8 10 11 13 15 
6 8 0 11 13 14 
6 8 9 )l 12 14 
6 7 9 1012 13 

6 7 9 1011 r 
6 7 8 1011 12 
5 7 8 0 11 12 

5 6 8 9 10)2 

5 0 8 9 10 11 


78|5 
5 



55U 5527 5589 5551 1 2 4 

5635 5047 505S 5070 1 2 4 

5752 6703 5775 57f0 I 2 3 

5366 5^77 5^88 5^09 1 2 3 

6977 5088 5999 6010 1 2 3 

5 6085 6096 6107 6117 1 2 3 

6191 6201 6212 0222 I 2 3 

6294 6204 6314 6325 1 2 3 

6395 6405 6415 6425 1 2 3 

4 1 6493 6503 6513 6522 1 2 3 | 4 5 0 


5 6 7 
5 6 7 
5 6 7 
5 6 7 
4 5 7 


9 10 11 
8 10 It 
8 9 10 
8 910 
8 9 10 


4 5 6 8 9 10 

4 5 6 7 8 9 

4 5 0 7 8 9 

4 5 6 7 8 9 


6532 

062$ 

6721 

6312 

6902 


2 6551 


6580 

6075 


6599 

67 

6785 67 
6S57| 6S60|6S75 OS 
6955 1 69 ^ 


r 


6618 1 2 8 
6712 I 2 3 
CS03 1 2 3 
6S93 123 
12 3 


4 5 6 7 8 0 
4 5 0 7 7 8 
4 5 5 0 7 8 
4 4 5 0 7 8 
4 4 5 0 7 8 


These tobies of logarithms and anti logarithms are taken, with per- 
mission, from Machine ConMrHCtion and Drawiny, by irank Castle, 
iMactnillaQ.) 





































































LOGARITHMS. 



7 8 9 


1 2 3 

'3 4 :> 

'0 7 

1 2 3 

3 4 r. 

7 

1 2 2 

3 4 :> 

0 7 

1 2 2 

3 4 :> 

0 i\ 

1 2 2 

3 4 6 

0 0 

12 2 

3 4 

• f\ 

1 2 2 

3 4 3 


1 o «> 

3 4 

Cy 

1 1 2 

'3 4 4 

0 

1 1 2 

:> 4 4 

. 3 0 

1 1 2 

344 ' 

3 (; 

1 1 2 

3 4 4 

') t\ 

1 1 V 

3 S 4 

3 t) 

1 \ 

3 3 4 

U fi 

1 1 2 

3 3 4 j 

3 3 

1 1 2 

3 3 4 

!\ 3 

1 1 : 

3 S 4 

3 

1 1 2 

3 S 4 

.* 3 

1 1 2 

3 3 4 

4 3 

1 1 2 

2 3 4 

1 

4 3 

[ 1 •: 

1 

2 $ 4 

4 r> 

l 1 2 

2 3 4 

4 3 

1 1 2 

2 3 4 

\ 3 

1 \ 2 

- 3 4 

; 3 

1 2 

2 3 4 

\ 3 

. 1 2 

2 3 3 

4 3 

1 2 

2 3 3 

4 3 


9S14| OMS 
ooos 


: 3 3 4 4 
: 3 3 I 4 
: 3 3 ' 4 4 


1 D 3 3 4 4 3 
1 2 3 3 1 4 4 5 
1 L‘ 3 3 4 4 6 
1 1* 3 3 4 4 5 
1 : 3 3 4 4 !> 




3 3 

3 3 

2 2 3 

'2 2 3 

2 2 3 

2 2 3 

2 2 3 


{W2 









































































AXTILOGARITIIMS. 



0 

1 

o 

3 

4 

1 

5 

G 

7 

8 

0 

1 

2*3 

4 

5 

c 

7 

8 

9 

’00 

im 

1002 

1003 

mr 

1009 

1012 

lOH 

1016 

1019 

1021 

0 

0 

1 

1 

1 

1 

2 

»> 

2 


1023 

1026 

1028 

lOJO 

1033 

]U66 

lu:;8 

1040 

1042 

1046 

0 

0 

1 

1 

1 

1 

A 

gg 

it 

<> 

•02 

1017 

1060 

1062 

1064 

1067 

1069 

1062 

1064 

10g7 

106.9 

0 

0 

1 

1 

1 

1 

2 

•) 

t'l 

•03 

1072 

1071 

l-CO 

Inro 

lObl 

ion 

10S6 

1080 

109 1 

1094 

0 

0 

1 

,1 

1 

1 

0 

A 

0 

•04 

lODO 

lUOD 

il02 

1194 

1107 

11U9 

1112 

1114 

1117 

1119 

0 

1 

1 

1 

1 

0 

a# 

A 

A 

•> 

•05 

1122 

1126 

11‘27 

1130 

1132 

11C6 

1138 

1140 

1143 

1146 

0 

1 

1 

1 

1 

2 

2 

A 

2 

‘00 

IMS 

1161 

1163 

! }[ •> 

1 

11*9 

11* 1 

1164 

H<.7 

1160 

1172 

0 

1 

1 

1 

i 

2 

A 

A 

2 

•07 

1176 

U7S 

1180 

, 1183 

n:.6 

1189 

1191 

1 194 

1197 

1199 

0 

1 

1 

1 

1 

4> 

A 

A 

2 

•OS 

12 

1206 

120S 

1211 

1213 

1216 

1219 

1222 

1226 

1227 

0 

1 

1 

1 

1 

2 

2 

2 

3 

•00 

1230 

1233 

1236 

1239 

1242 

1246 

12lf 

1260 

1253 

1266 

0 

1 

1 

1 

1 

0 

sg 

0 

«• 

*> 

• 

3 

•10 

12CD 

1202 

126> 

120S 

1271 

1274 

1‘276) 

1270 

1282 

IC'6 

0 

1 

1 

1 

1 

2 

0 

A 

A 

3 

•11 

12s^S 

1201 

12 n 

1207 

ICOD 

1J93 

. 160i 

1300 

1312 

1316 

0 

1 

1 

1 

0 

A 

2 

it 

3 

•12 

ICIS 

1321 

1324 

1327 

1330 

: 1334 


1340 

1343 

1316 

0 

1 

1 

1 

<) 

2 

A 

• » 

3 

•13 

131D 

1362 

1366 

136S 

lJU 

1365 

1368 

1371 

1374 

i 

0 

1 

1 

1 

0 

4> 

0 

A 

3 

3 

•14 

13:>0 

1384 

13^7 

1390 

1393 

1396 

^ HOO 

1403 

1406 

1409 

0 

1 

1 

1 

0 

tt 

0 

sg 

2 

3 

3 

•15 

1413 

1410 

HID 

1422 

1426 

1420 

' 1432 

1436 

1430 

14)2 

0 

1 

1 

1 

2 

A 

0 

• 

3 

3 

•16 

1416 

HID 

1462 

1466 

H69 

1462 

1 H ; 

\M 

1472 

1470 

0 

1 

1 

1 

0 

0 

0 

3 

3 

•17 

M7D 

1183 


1489 

119] 

1 496 

! 60 U 

i:u3 

1507 

1510 

0 

1 

1 

1 

A 

2 

0 

m 

A 

S> 

3 

•18 

1614 

1617 

1621 

1624 

1628 

1631 

*1 •A* 

163« 

16 f2 

1546 

0 

1 

1 

1 

A 

0 

2 

3 

3 

•ID 

104D 

1662 

1660 

1600 

1603 

1567 

1 1670 

1674 

1678 

1581 

0 

1 

1 

1 

A 

2 

3 

3 

3 

•20 

1586 

16SD 

1692 

1696 

icoo 

^003 

1607 

1611 

1614 

1618 

0 

1 

1 

1 

A 

A 

m 

3 

3 

3 

•21 

1022 

1626 

1g29 

1633 

lo.;7 

16JI 

1644 

1648 

)«i*.2 

1660 

0 

1 

1 

*1 

A 

2 

3 

3 

3 


1600 

16:’»3 

\u\7 

1 ‘.71 

1076 

1070 

1 16-^3 

1< 7 

lOvO 

1694 

0 

1 

1 


<1 

m 

A 

V 

*• 

«/ 

3 

•23 

loos 

1702 

]7ni 

1710 

37)1 

1718 

1 1722 

17.6 

1730 

1734 

0 

1 

1 


2 

A 

m 

3 

n 

a 

4 

•21 

173S 

1742 

1746 

1760 

1 1 64 

1758 

1:02 

1766 

1770 

1774 

0 

1 

1 


A 

m 

(> 

,3 

3 

4 

•25 

1778 

1782 

17^0 

1791 

1795 

1700 

1S03 

1$07 

ISM 

1816 

0 

1 

1 

0 

m 

0 

ft 

2 

3 

3 

4 

•20 

1820 

1S24 

1828 

loJ2 

1 97 

1 U 

Ic !6 

1S49 

KH 

1 • 

0 

1 

1 

0 

A 

m 

3 

3 

0 

0 

4 

•27 

1S02 

1806 

1S71 

1876 

, 1 79 

1-4 

1888 

1892 

1M7 

, 1001 

0 

1 

1 

1} 

A 

3 

3 

3 

4 

•2S 

1005 

1010 

10H 

1910 

1 :i 

1928 

1932 

19:/ 5 

19 1 

191.6 

0 

1 

1 

0 

• 

»> 

3 

3 

4 

4 


1D50 

1D64 

1 1969 

1903 

1968 

1972 

1977 

1982 

19 -I) 

IWi 

0 

1 

1 

0 

«i 

it 

V 

3 

3 

4 

4 

•30 

1DD5 

2000 

2004 

2009 

2014 

2018 

2023 

2028 

2032 

2037 

0 

1 

1 

0 

A 

3 

3 

4 

4 

•31 

2042 

2040 

2"6l 

2J66 

2^ 1 

20:5 

2970 

2076 

2080 

20S4 

0 

1 

1 

<} 

A 

3 

3 

4 

4 

•32 

20SD 

2004 

20.19 

2404 

2109 

2in' 

2118 

2r:3 

2128 

2133 

0 

1 

1 

2 

A 

3 

3 

4 

4 

•33 

21CS 

2143 

21 H 

21 6 J 

2168 

21 3 

2108 

2173 

2178 

21^3 

0 

1 

1 

0 

It 

3 

S 

4 

4 

•34 

2188 

2103 

2103 

2203 

2208 

2213 

2218 

2223 

2228 

2234 

1 

1 

0 

ri 

3 

3 

4 

4 

5 

•33 

2239 
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ANSWERS. 


Chapter II., p. 29. 

2. 284’ F. 3. -4()=C. 4. -4.")9-4’F. 

6. 6. 432’ F. 8. 1*50;5". 

Chapter III,, p 41. 

2. 23‘5r) Ib.-degicc-Cc'iit. units; 10,(580 grani-calorio.'s. 

3. 33-12i5.T.r. 5. 77-1’F. 6. (>4-07’F. 

7. 02-9’ F. 9. 140,040 foot-ll)s. 10. .391 -.>’0. 

11. 11,070,001) foot ll)S. ; l.>,9.)0,000 foot-lbs. ; 466, 9(M) fiwt-lbs. 

12. 7,795,000 K.T.r. 

Chapter IV., p. 56. 

3. 0 r)l3 cubic foot. 4. 40.5-1 cubic inches. 

6. 173'5 cu))ic feet. 7. 9-29‘2 C. 

Chapter V., p. 72. 

4. 00-64 lb.s. per sq. inch. B. 4-.368 cubic feet. 

6. /> = 90.)o B.T.U. ; /f=1173-5 B.T.r. 7. 140,900 B.T.U. 

9. 102,000 R.T.r. 10- •34-61bs. 

11. 11-20-5 B.T.r. ; 12-78 12- 618-3 lb. -clogiee-Cent. units. 

Chapter VI., p. 87. 

1. 309-0 metre-kilograms. 2. 0,930,000,000 foot-lbs. 

3. 89 lbs. per sq. inch ; 25*2,000 foot-lbs. 

4. 43-9 ll)s. per sq. inch ; 124, 1(K) foot-lbs. 

6. 1 067: l-.)71; 1630 cubic inches. 

8. (a) l,170.on0foot-lhs.; (6)3,727,OOnfoot.lhs.; (c) 11.910.000foot-lh.s.: 
(d) 1 .470,000 foot ll)s. ; (e) 1 .980.000 foot-lh.s. ; (./*) •2.6.5.5,000 foot-lbs. 

9. 83 -4 11)S. per sq. inch ; 24.0-20 foot-lbs. ; 0 7 cubic foot ; 34,310 foot-lbs. 

10. 2714 cubic inches ; 4 08 per cent. ; 0-192". 



ANSWERS. 


4011 


Chapter VII.. p. 106. 


4. 

2I4-' 

i l.U.V. 

6. 211 

'4 I.II. 

»•. 

7. 7174 li-ii. 

8. 

3lU r.T.r. |)cr min. 


9. 

8-00 i.n. 

r. ; 60, 160 foi)l-|li.s. 

12. 

94,6(V) 







Chapter VIII., 

p 125. 


1. 


Crank angle 

;ni 

1 

oo 

1 IKI 

1-20 I6(»’ 1 



Pistnri jHwilicm 

1 

0-08 

(>-20 

1 

(»•.■»( i 

(1-70 11-06 

3. 

30 ; 

-6-6 ; 1-20. 



4, l.lo 

; ;W(t . 


Chapter IX , p. 147. 

1. 4600 lb. -feet.’ 2. 1(KH)11»s. ; 14'3 sq. inches. 

4. 1.), 081 Ills. 5. l.V24.*>lbs. 7. illOl) liis. 

8. 1101 '6 feet pel' sec. per sec ; 101 0 feet jk i' sec. pel' sec, 

11. 2017 lb. -feet. 13. llliT '8 fool-tons. 14. 1 Hi revs, jier min. 

15. (l lWo foot -tons ; 2lHi o f<K)l-lons. IV, 4','. 18. 4 S7 

21. 42.‘1(1 lbs. 22. t.enirifn-iiil force =0'(Ki;i4()8 ib.s. ; 242 : 240. 


Chapter XI , p. 202. 

2, 60.‘13 11>S. ; 1-20T S(|. iiicbc.s; 1'24 ". 6, .‘IS 'S ’ 

13. 141-4 lbs. , 16. i;iT4 lbs. 


Chapter XII., p. 215. 

1. 1().4.')0 Ills, per sq. inch. 2. 

7. c/= I 70-6 per cent. 8. 




Chapter XIII., p. 234. 

2. 28 lbs. ; 228-3 lbs. 3. ">0 cubic feet. 

4. 126 lbs. : 1027 lbs. 5. 3-2,48(l.(KX) ii.t.v*. 

7. 13,926 R.T.r. 8. lO'O.) lb,s. ; ->2 lbs. 

11. 14,606 R.T.r. 12. 19,040,000 lb.-<leg.C. ; C7. Hb. 3-0/. : 6-26-2. 
13. 3-47 lbs. : 15-00 lbs. 


Chapter XIV., p. 251. 

1. so per cent.. 2. 73 per cent. 3. 17.060 b.t.u. 

4. 1(),460 r C. 5. 16,45KI R.T.f. ; 16-4 per ceiu. 

16. 8-70pei cei:=i. 
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Chapter XV., p. 292. 

1. H.P., 60-5 lbs. per sq. inclj ; L.r., 19‘3 lbs. per sq. inch. 

6. 6-8. 7. 17,300 lbs. ; 11,000 lbs. 

18. 8‘79 cubic feet of air at a pressure of 2 lbs. per sq. inch. 

23. 1 1 -5 lbs. per sq. inch. 26. 273 gallons. 


Pi , lbs. per sq. in. ' 

100 

80 

60 

11)S. per sq. in. 

59 '7 

44-4 

29 

ir, foot-lbs. 

1 

143, 0(K) 

106,1300 

69,600 


29. 3 '33 cubic feet ; 


P- 

100 

80 

60 

Weight of steam 

used per stroke, lbs. i 

1 

0-765 

0-621 

0-474 

Weight of steam 
used per rev. , lbs. 

1 -53 

1-242 

0*948 


Chapter XVI., p. 31$. 

10. 1875 lbs. 11. 121*3 I.H.P. 

12. 114.000 lbs.; 12.67011)8.; 1020 ii.P. 


Chapter XVIII. , p. 373. 

3. 27,310 lbs. 4. 22,780 B.T.U. 8. 24*4 lbs 


1 

Output, kilowatts ! 

6000 

1*200 

600 

Water per hour per 
kilowatt 

22 

44*17 

71-9 


10. 92'4 per cent. 

Chapter XIX., p. 389. 


8. 63*4 lbs. nor sa. inch. 

9. 8800 foot-lbs. ; about three quarters, viz. 6600 foot-Ic^. 
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Chapter XXL. p. 425. 


3. 

6. 


7. 


9. 


93 '8 cubic feet. 
l{|-9 per cent. 

Mecli. ciT. =76 per cent. 
Heat clT. on ii.n.i’. = 


6. 633 Ji.T.r. : 492,»«MI funi ll>«. 


; Heat eir. on i.ii.i'. = IG'2.7 per cent. 
12*33 JUT cent. 


PtiiiUs 

, .1 

1 


C 

!> 

Teni|). C. 

1-27 

•207 

1.3-28' 1 

t;s7 


Miscellaneous, p. 439. 


7, C. OiOS foot from inner, 016 foot from outer ileacl point. 

31. 33,.')(H) it.T.r. ; 2-39 llw. 

33. 601-4 11). -deg. -Cent. : 481 4 lb. -deg. Cent. : (>21 4 lb. deg. Cent. 

34. (0)22,490; (M83..)S(); (r) 1,080.(KKI; (f/) l..>y0,(K)() ; all in foot-lbs. 

35. 30 ; -20 ; lo ; 3.r8 t all in lb.s. per stp incli. 

36. 1-2-5 8 11)S. per s(j. inch ; 108-8 lbs. per sq. inch : ‘24.370 foot -lbs. 

37. 1.36-2 I. H.r. 38. 7.)-3 i.n.r. : ()() n.ii.P. 

39. v8!)-5 11).«. per s(j. inch; 72-.) Ihs. per S(p inch; 10, 7.50 foot-lbs.; 
0‘4 culiic foot. 


40. 2-98 cubic feet ; 0134 lb. weight. 
45. 11.900 Ihs. 


44. 0-.5 : O-o ; 0-56 ; 0 44. 
46. 3-33 lbs. ; 14 98 lbs. 


P 

1.52 

1-2.5 110 

.56 

11' 

3190 

; 28-20 

1 

2()30 

18.5(1 

Steam per horse- 
power liour, Ihs, 

21 

■22 -.5.5 

•23-9 

33-0,5 


D.S. 


2g 




INDEX. 


Absolute scale of temperature, 51. 
Action, of a simple engine, 1 ; of 
the slide valve, 3. 

Adamson’s flanged ring, 154. 
Adiabatic expansion and compres- 
sion, 55. 

Admission, 82, 109. 

Air, composition of, ^20. 

„ excess, 246. 

,, in feed water, 284. 

„ pump, 242, 282, 4,32. 

,, reouired for combustion, 220. 
,, values of constants for, 52, 54. 
Angular advance. 113. 
Antifluctuator, 389. _ 

Antipriming pipe, 178. 

Ash pit, 160. 

Atomic weights, 218. 

Back pressure, 79, 83. 

Balancing end thrust in turbines, 

337. 

Balancing of mechanism, 136, 304, 
3W, 349. 

Barometers, 44. 

Bcau-de-Roehas cycle, 375. 
Blow-oflf pit, 153. 

„ valve, 196. 

Bogie, 297. 

Boiler joints, 153, 208. 

,, mountings, 177. 

., mounting blocks, 157. 

,, plates, 207. 

Boilers, 13, 149. 

„ Cornish, 160. 

.. Lancashire, 151. 


Boilers, locomotive, 161. 

,, marine, 166. 

„• strength of, 204. 

„ tests on, 364. 

,, wasted heat in, 246. 

„ water-tube, 171, 308. 

Boiling point, 19, K. 

Boyle’s law, 46. 

Bmke, heating of, 105. 

,, horee-power, 103, 358, 412. 
Brakes, 103. 

Calorimeter, 36. 

„ Boys’s, 232. 

„ Darling’s, 229. 

„ separating, 369. 

,, throttling, 369. 
Carburettor, 399. 

Carnot’s cycle, 241. 

Caulking, 154, 209. 

Characteristic equation, 54. 
Charles’s law, 50. 

Chemical definitions, 217. 

„ equations, 218. 

Chimney draught, 45, 248. 
Circulating water, 290, 360, 362. 
Clearance, 83, 84, 86. 

Clinker, 222, 225, 251. 

Coal, 221. , ^ 

Combination of Boyle’s and 
Charles’s laws, 53. 

Combustion, 217, 246. 

„ ehambers, 166. 

„ rates of, 175, 220. 

Compound engines, 244, ^3, 312. 
„ .. early, 436. 
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1 1 


Compression in gasniul oil cngiias. I 

• I* • ' 

Condensers, oxpei iiiienUal. 356,432. 
gain fioni, ‘246. 
jet. ‘242. 

smfaec, 242, ‘27H, 314. , 
^ 432. I 

Condensing engines, 242. 

Conduction of fieat, 33, 37. 
Connecting n)ds, 8, ‘271, 3U2, 381. 
Convection, 34. 

Crank and eccentric, setting ot. 
113. 

Crank .shafts. <1. ‘275. 364. 3S6, 462. 
Crossliead, 7, ‘27tK 3(t2. 

,, forces acting at the, 
1-28. 

Cnsliioning, 83. IH), 116, 1^1- __ 
Cvcle in gas and nil engines, 3»o. 
Cvlindvr drains. 7, .‘kr2. 

ualls, action of. ‘238. 340. 
Cylinders. 3. 2.)6. ‘262, 301,353. 

Damper, 153. 

Dead plate. 159. 

.. jKjints, 108. 

Distrihution of steam, 3, lOtl. 113, 
256, 260. 

Dowson gas, 2‘25. 

Drainage, ‘239. 

Draught, chimney and forced, ‘248. 
Drvness fraction. 369. 

Drvnessof steam, 61, 201, ‘239, 369. 


' \ 

* 1 


Exjmnsitin of steam, 4, 83, 112, 
2.39, 242. 

Ex]»eiiinent:il steam plant, .151. 

Feed relief valve.s, ‘287, 315. 

,, valves, 15, llt.H, 3hi. 

Feed water heater.s, ‘247. 

measuring tanks, 36.5. 
soli<l niatt<-r in, *282. 
supplv, 13. 194, ‘281. 
315' 364. 

File Imixc.s, 13. 164. 3i(». 

Flash pi>int, 2‘24. 

Flow llii'ough a nozzle. 341. 
Flywheels, it», 14!. 

,, energy storisl in. 142. 

,, Hucluatioii in s[)eed of, 

143. 

M of. 14.3. 

Four stroke cyele, 37.5. 

Freezing jioint, 19, 21. 

Fuels, 217. 

gaseous, ‘2'2.5. 

.. heating values of, ‘221, ‘2‘23, 
•2‘2.5‘233. 

.. liijuiil, 3t}5. 

,, relative advantages of, 

„ solTdV22l. 

Fullering, ‘209. 

Furnaces, 1.58, 168, 3(t.5. 

Furnace tidies. 1.54. 

Fusilile plug, 197. 


Eccentric, eiiuivalent, 121. 
Eccentrics. 4. ‘273, ‘299. 
Economisers, ‘248. 

Efficiency, heat, 241. 363. 

,, mechanical, 104, 2.3S, 
‘257, 3‘2o, 358. 

Electrical horse-power, 105. 
Energy, .38. 

„ ' stored in flywheels, 14‘2. 
waste of. ‘230, ‘238, 348. 
Evaporation, equivalent. 229. 
Exhaust, 83, 1 10, 11.5. .385. 
Expansion, coefficients of. 28. 

,, in gas and oil engines, 

375. 

„ of materials, ‘26. 


Galloway tidies 161. 

Gas engiiie.s, .375. 

„ air silencer. 387. 

., Crossiey, 377. 

,, cylinder luluicator, 

*388. 

„ example of a test, 

421. 

,, exhaust arrange- 

ments, 38.5. 

.. governor, 381. 

,, ignition arrange- 

ments, .383. 

., inlet valves, 381. 

„ measurement of heat 

supplied, 415. 
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Gas engines, results of trials, 419, 

423. 

,, tests, 419. 

Gaseous state, 43. 

G.ases, perfect, 43. 

,, properties of. 43. 

,, reduction to standard tem- 
perature and pressure, 
41i5. 

Giitlerstay, 107. 

Governors, 11, 141, 256,322,382, 
43.5. 

,, ojuilibrium of, 14.5. 

.. stability of, 146. 

Guides, 7, 270. 

Gu.sset stay, 156. 

Gyrostatic action, 141. 

Heat, 31. 

,, absorbed by jacket water, 
417. 

,, balance, 417. 

,, latent, .59. 

,, ineehanicalecpn valent of, 40. 
., nature of, 38, 39. 

,, sctisil)le, .58. 

,, speeifie, 33, 36, 50. 

,, supplied to gas and oil 
engines, 415, 410. 

,, transference ttf, 33, 34. 

,, units of. 31. 

Heating values of elements. 221. 

„ of fuels, 223, 225, 

220. 

„ by calculation. 227. 

,, by experiment, 229. 

Hero's engine, 427. 

Historical notes, 427. 

Holden's liquid fuel system, 305. 
Horse-power, 75. 

Hunting, 146. 

Ignition tube, .383. 

Indicator, the, 89. 

,. connections, 97. 

,, Crosby, 89. 

,, in use, 98. 

„ M‘Innos Dobbie, 94. 

,, Simplex, 93. 

„ Thompson. 92. 


Indicated horse-power, 99. 
Indicator diagraifls, 97, 100, 102, 
258, 290, 291, 359, 376, 377, 
413, 414. 

Indicator diagrams, cross, 102. 
Indicator diagi-ams, directions for 
taking, 98. • 

Indicator diagrams, information 
derived from, 102. 

Inertia, 131. 

,, diagrams, 135. 

of the connecting rod, 1.3,5. 
,, of the reciprocating parts, 
132. 

Initial condensation, 239. 

Injector, 194. 

Inside lap, 1 15. 

Internal combustion engines, 375, 
.391. 

Internal energy, 72. 

Isothermal expansion and com- 
pression, 55. 

.Jackets, steam, 22. 240, 355, 432. 
,, water, .377, 393, 400, 
417. 

Joule's mechanical equivalent of 
heat, 40. 

Lap in valves, outside, 112. 

inside, 115. 

Latent heat, 59, 68. 

Lead in valves, 109. 

Leakage, 241. 

Liners, 264. 

Link motions, 119. 

„ Allan's, 121. 

„ Goocli's, 120. 

„ Stephenson’s, 119, 

273. 299. 

„ variable eut oil in, 

121 . 

Locomotives, 295. 

,, early, 437- 

„ engine mechanism, 

297. 

.. road, .308. 
Locomotive boiler, 161. 

„ regulator, 178. 

„ valve gear, 299. 
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Main bearings, 10, ‘2.56, 278, 402. 
Manhole doors,*197. 

Marine automatic stop valve, 
179. 

Marine Iwilers, 166. 169. 

Marine engines, ‘259. 

• early, 487. 

Mean pressure, equation tor. 81. 

,, from imlieatnrdia- 

grams. KKI. 

Mcclianical clliciency. 104. 2.'1.S. 

equivalent of lieat. 40. 
,, stoking, 249. 

Motor car, details of, 40.8. 

„ engines. 400. 

Motor for cycles, .807. 

Newcomen s engine. 429. 

Nozzle for expanding steam, .842, 

:m. 

Oil engines, action in. .892. 

., cycle in. 8iH. 

.. for cycles, 897. 

,, for motor car. 40<). 

., Hornsl'V-.\ki-ovd.892. 

., ignition anil govern- 

ing. 80.1. 

Oil. means of vaijorisiin;. 89‘2. 

Oil fuels. ±>8. 

.. used as furnace fuel. 2‘2^1. SW. 
Out.side lap, 1 12. 

Petrol. 22,8. 22.1. 892. 899. 

motors, 397. 4(M». 

Piston etlort diagrams. 180. 

,, forces acting on the. i‘29. 
-24.1, ‘246. 

.. iwsition of. in relation to 
crank. 108. 116. 

Piston i-od. forces actin" in the, 
131. 

Pistons, 5. 267. 301. 377. 393, 40f). 
4-29. 

Power, 75. 

,, measurement of, 99, 103, 
105. 3,17. 41-2. 

Pressure, alisolute, 46. 

,, and temperature of a 
gas, 55. 


Piessure and temperature of 
steam, 64. 

„ bur.sling or gauge, 4i>. 

„ of a gas, 4.1. 

of the atmosphere, 43. 
Pressure gauges, 183. 

Priming, 61. 

; Propeller, 277. 
i Propulsion of ships, 2.18. 
Piilsonietei , 428. 

Pumps, air. 242, ‘282. 

., centrifugal, 289. 

eirculating, 288. 

.. drive for, 287. 

feed, 13, 194, 284, 31.1. 

Qu.tdruplc expansion engines. 244. 

Radi.ition of heat, 34. 

Kanisbottom safetv valve, 19(1. 
Haijul* of tcmpiTatiiri’ nml 
i5urc. 24"i. 

RatiDof rx]iansi()iu 81, S4. 242. 
Koetangular hy[HrlH)la, 48. 
Hrilnein^; iov indicators, 97. 

Huhutioji to standard tempera- 
tmx' and pressuiv, 415. 

Release, IKK 
Relief frnine. Wl. 

Hever.sin;i jjear, 1 19. 

Riveted 2(KS. 

Road ln<*omolives, 308. 
Ropeluakc, 103. 

Saliiionietcr cocks. 171. 

Savery's engine, 4‘27. 

Seales of temjterature. 19. 

Scum cocks, 171. 

Separatoi-s, 61. ‘20. ‘2,89. 

Shafting, mai inc, 275. 

Shells. Wler, 13, 1.13. 159,162,165. 

stn‘sses in l)oiler. 204. 

Slide bar. 3(>2. 

Slide valve, action of the, 3. 

,, common, 3. 

„ double ported, 1 IS, ‘267. 

events determined by 
the, 109. 

„ for expansive working, 
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Slide valve for non-expansive 

working, 110. 

,, metliod of driving 
tlie, 4. 

piston, 117, 2o4, ’204. 

,, position of, relative to 

the eccentric, 109. 

„ Trick, US. 

,, with relief frame, 117. 

Slipper, S, ‘270. 

Small steam plant, 12. 

Soleplatea, 1 1, 278. 

Specific lieat of gases, 56 
,, of steam, 71. 

Speed, fluctuations in, 139.^ 
Staying <(f flat surfaces, 156. 

Stays, girder, 167. 

,, gusset, 156. 

,, longitudinal. 104. 168. 

,, roof bar, 162, 163. 

,, screwed, 164, 166. 

Stay tubes, 167. 

Steam consumption, 257, 360. 
Steam, distribution of, 113. 

., dry, 61. 

,, dryness of, 360. 

,, formation of, at constant 

pressure, 71. 

,, heat of formation of super- 
heated, 71. 

,, intrinsic energy of, 72. 

,, latent heat of, 68. 

,, properties of, 58. 

,, p and t of saturated, 64. 

, , p and rof dry .saturated, 67. 

,, saturated, 63. 

,, su perheated. 63, 2.39. 

,, Tables, limitations of, 70. 
total heat of, 68. 


Steam jacket, 240. 

Steam turbines, 318. 

blades for, 322, 329, 
.335, .344, 347. 
Curtis, 326. 
de I>aval, 318. 
governing in. .321, 
327, 337. 339. 
Parsons, 331. 
using exhaust 
steam, 341. 
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Steam turbines, Westinghouse, 
339. 

Stress, 204. 

Stuffing box, 6. 

Sun and planet motion, 434. 
Superheater, 63, 173. 

€ 

Temperature, 18. 

„ absolute scale of, 51 . 

,, at points in a gas 
engine cycle, 424. 
Temperatures, conversion of, 20. 

,, measurement of 

bigb, 25. 

Tests of steam boilers, .364. 

,, engines, 3.)7. 

,, internal combus- 

tionengincs,4r2. 
Thermometers, 18. 

„ care and use of, 24. 

„ testing of, 21. 

Thermoscope.s, 2.>. 

Throttling, 82, 369. 

Thrust block, 277. 

Traps, steam, 199. 

Trevethick’s high pressure engines, 
436. 

Triple expansion engines, 244, 
2o9. 

Turbines, steam, 318^ 

Turning moment, 127. 

,, diagrams, 136 

„ mean, 139. 

Vacuum gauges, 185. 

Valve gears, locomotive, 299. 

„ marine, 273. 

„ Meyer's 122, .353. 

Valve rod, attachment of,^6. 
Valves, automatic stop, 179. 
balanced, 117. 

„ blow off, 196. 

,, evlinder relief, 265. 

„ dead weiglit safety, 18<. 

equilibrium throttle, 257, 
267. 

„ feed check, _193. 

„ junction, 177. 

,, lever safety, 185. 

low’ water safety, 188. 
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Valve.*?, marine safety, 191. 

„ piston, 264. 

,, Kanislwttoni safety, 190. 

„ reducing, 198. 

Vaporising of oil, 392. 

Vapours, 43. ' 

Vibrations due to inertia, 136. 
Volume, pressure and tempera- 
ture of gases, .W, 54, 
416. 

of saturated steam, 67. 

Waggon, steam, 308. 

Wa.ste of energy, 236, 324, 348, 
417, 419, 424. 


W.iter, compo.sition of, 58. 

,, ef|uivaleiil of a luidy, .33. 

„ gauge, IKO. 

„ packets, 377, 393, KK). 417, 

,, lul>o Ixiilei-, 171. 

Watts inventions, 432-434. 

Wet steam, (K>, 201, 369. 

Willan'.s law, 363. 

Wiredrawing, 82, 198. 

Work, 38, 75. 

calcnlatitm of net, 80. 
diagrams of. 77, 79. 

.. done in steam turl)incs,.346. 
„ grapliic representation of, 
76. 
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